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Plates  25^33  illustrating  Prof.  W.  Thomson's  Report  on  the  Voyage  of  H.M.S. 
'  Challenger '  from  the  Fiukland  Islands  to  Monte  Video  &c. 


Digiti 


zed  by  Google 


OBITUARY  NOTICES  OP  FELLOWS  DECEASED. 

Sir  WiLLLiK  EjDMOim  Logan  was  bom  at  Montreal  on  the  20th 
of  April,  1798.  His  education  was  commenced  at  Montreal,  where  he 
remained  until,  in  1814,  he  was  sent  to  the  High  School  of  Edinburgh.  In 
1818  he  was  taken  into  the  house  of  his  uncle,  Mr.  Hart  Logan,  a 
merchant  in  London ;  but,  in  1829,  after  a  short  visit  to  Canada,  he 
accepted  the  management  of  a  copper-smelting  work  at  Swansea. 

His  attention  was  soon  attracted  to  the  geology  of  the  district, 
especially  to  the  Coal-measures  of  the  great  South-Wales  Coal-field, 
of  the  western  half  of  which  he  constructed,  entirely  at  his  own 
cost,  a  geological  map,  on  the  scale  of  1  inch  to  a  mile,  with  hori- 
zontal sections  on  a  scale  of  6  inches  to  a  mile,  and  vertical  sections  on  a 
scale  of  40  feet  to  an  inch.  While  engaged  in  this  work  he  dis- 
covered the  true  relation  of  the  clays  charged  with  Stigmaries  under- 
lying each  bed  of  coal,  and  proved  them  to  be  the  soil  on  which  the 
plants,  afterwards  turned  into  coal,  had  grown.  In  1840  he  com- 
municated this  discovery  to  the  Geological  Society.  This  work  was  so 
completely  and  accurately  executed,  that  when  Mr.  De  la  Beche  began 
the  Gk)vemment  Geological  Survey  of  that  area  he  adopted  the  whole  of 
it,  which  Mr.  Logan  generously  handed  over  to  him  for  the  benefit  of  the 
Survey ;  and  the  sections  became  in  a  measure  the  models  on  which  all  the 
Coal-measure  sections  of  the  Survey  were  afterwards  constructed.  Having 
given  up  his  connexion  with  the  copper- works,  Mr. Logan  was  appointed  by 
the  Colonial  Government,  in  1843,  to  organize  and  carry  on  a  Geological 
Survey  of  Canada,  his  native  country,  with  which  his  family  had  long  been 
connected ;  and  this  work,  by  his  own  labours  and  the  help  of  his  assistants, 
he  carried  on  as  Director  of  the  Survey  till  the  year  1869,  when,  in  con- 
sequence of  increasing  years,  he  resigned  the  appointment,  and  Mr. 
Selwyn,  now  one  of  the  Fellows  of  this  Society,  was  appointed  as  his 
successor.  The  admirable  geological  work  that  he  did  in  Canada,  and  the 
beautiful  geological  maps  and  sections  thereby  produced,  are  well  known 
to  the  geological  world ;  for  he  not  only  unravelled  and  laid  down  on 
maps  all  the  complicated  Devonian,  Silurian,  and  Huronian  rocks  of  a 
vast  region,  but  he  first  discovered  underneath  all  these  the  true  strati- 
graphical  relations  of  the  Laurentian  series,  which  had  prenously  been 
vaguely  termed  granites.  He  thus  showed  that  they  consisted  of  two  great 
divisions,  the  Lower  Laurentian  gneiss  and  the  Upper  Laurentian  gneiss, 
which  lies  quite  unconformably  on  the  lower  series,  both  of  them  con- 
taining thick  interstratified  beds  of  cijstalline  limestone. 
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While  engaged  in  this  work  he  discovered,  in  one  of  the  bands  of  lime- 
stone belonging  to  the  Lower  Laurentian  series,  the  oldest  known  fossil, 
Eozoon  canadense,  the  structure  of  which  has  since  been  made  the  subject 
of  elaborate  memoirs  by  Dr.  Dawson,  of  Montreal,  and  Dr.  Carpenter, 
who  consider  it  to  belong  to  the  Foraminifera.  The  subject  was  and  is 
of  high  importance  in  geology,  and  at  the  time  of  the  discovery  excited 
much  interest  among  geologists  and  biologists. 

In  1851  Mr.  Logan  was  elected  a  Fellow  of  the  Eoyal  Society :  in  1856 
the  honour  of  knighthood  was  conferred  on  him,  in  recognition  of  his 
great  services  to  geology ;  and  the  award  of  the  Wollaston  Medal  by  the 
Geological  Society,  in  the  same  year,  and  of  a  Eoyal  Medal  by  the  Eoyal 
Society  in  1867,  marked  the  esteem  in  which  his  scientific  achievements 
were  held.  Among  other  distinctions  he  was  LL.D.,  F.G.S.,  and  Vice- 
President  of  the  Natural-History  Society  of  Montreal. 

Sir  William  Logan  died  on  the  22nd  of  June,  1875,  at  Castle  Malgw3m, 
in  the  house  of  his  sister,  Mrs.  Gower,  in  his  77th  year ;  and  it  may  truly 
be  said  of  him  that  no  man  was  ever  more  esteemed  and  beloved  by  a 
numerous  circle  of  friends. 

By  the  death  of  Daniel  Hanbtjet  the  Society  has  lost  a  very  learned 
and  highly  cultivated  pharmacologist,  who  had  for  some  years  occupied 
one  of  the  first  places  among  the  scientific  men  of  Europe.  Besides 
advancing  the  science  of  pharmacy  by  his  numerous  writings,  he  led 
the  way  in  promoting  a  scientific  education  among  druggists,  in  con- 
ducting examinations  in  London  which  greatly  improved  their  status, 
in  promoting  the  welfare  of  the  Pharmaceutical  Society,  and  in  organi- 
zing those  pharmaceutical  conferences,  of  which  he  was  twice  the  Presi- 
dent, that  meet  annually  at  the  time  and  place  of  meeting  of  the  British 
Association. 

Mr.  Hanbury  will  be  best  known  to  posterity  by  the  work,  brought 
out  shortly  before  his  death  by  Dr.  Fluckiger  and  himself,  entitled 
**  Pharmacographia :  a  History  of  Drugs,"  which  may  be  regarded  as  a 
monument  of  his  profound  knowledge  and  great  capacity.  His  pubh'shed 
papers,  more  than  sixty  in  number,  dating  from  1850,  are  all  original 
investigations  into  the  origin,  history,  botimical  and  chemical  characters, 
names,  uses,  and  commercial  value  of  drugs;  and  it  may  be  said  of 
them  that,  in  point  of  accuracy  and  scientific  method,  they  are  perfect. 
Hence  but  few  readers  have  ventured  to  criticise  his  statements,  so  well 
and  widely  known  was  his  caution  and  his  mastery  of  all  the  subjects 
on  which  he  wrote. 

Nor  were  his  scientific  labours  confined  to  the  library  and  labora- 
tory; he  travelled  much,  not  for  commercial  objects,  but  in  pursuit 
of  pharmaceutical  information,  and  always  with  one  definite  object  of 
inquiry,  to  which  all  others  were  subsidiary.  He  journeyed  in  Syria 
with  Dr.  Hooker  in  1860,  and  made  many  visits  to  Middle  and  Southern 
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France  ani  the  Mediterranean,  during  which  he  formed  an  extensive 
acquaintance  with  men  of  science  and  foreign  institutions,  and  with  the 
contents  of  their  museums,  libraries,  botanic  gardens,  and  drug-stores ; 
and  he  contemplated,  for  the  same  purpose,  a  visit  to  India,  which, 
but  for  his  untimely  death,  would  have  been  undertaken,  for  he  was  a 
man  who  never  spoke  of  intentions  which  he  had  not  predetermined  to 
fulfil. 

Mr.  Hanbury  was  bom  on  September  11, 1825,  and  was  the  eldest  son 
of  Daniel  Bell  Hanbury,  Esq.,  of  the  firm  of  Allen,  Hanburys,  and  Barry, 
of  Plough  Court,  Lombard  Street,  of  which  firm  Daniel  was  himself  a 
partner  till  a  few  years  before  his  death,  when  he  retired  to  devote  him- 
self to  the  &vourite  pursuit  of  his  life.  To  his  other  accomplishments 
he  added  the  skill  of  a  water-colour  artist,  and  his  works  are  distin- 
guished by  accuracy  of  drawing  and  truthf  uhiess  of  colouring.  He  was 
familiar  with  several  European  languages,  was  a  facile  manipulator, 
distinguished  for  the  completeness  of  his  collections,  the  perfection  of 
his  pharmaceutical  museum,  and  the  amount  of  information  embodied  in 
the  notes  that  accompanied  his  own  specimens  and  those  he  so  liberally 
distributed  to  scientific  institutions  and  individuals.  He  was  a  member 
of  the  Society  of  Friends,  a  Fellow  and  Treasurer  of  the  Linnean  Society, 
in  which  he  took  an  active  interest,  and  a  Fellow  of  the  Chemical  Society. 
He  was  elected  a  Fellow  of  the  Boyal  Society  in  1867,  and  was  a  member 
of  its  Council  at  the  date  of  his  death,  which  took  place  at  Clapham, 
Miarch  24, 1875,  of  typhoid  fever,  supervening  on  an  attack  of  inflam- 
mation. 

GusTAV  BosB,  bom  on  the  18th  of  March,  1798,  was  the  youngest  of 
the  four  sons  of  Valentin  Bose,  Assessor  of  the  Ober  Collegium  Medicum 
at  Berlin,  and  brother  of  the  illustrious  chemist,  Heinrich  Bose.  He 
lost  his  father  early.  An  excellent  mother  guided  the  education  of  the 
four  sons,  whose  youth  fell  in  a  hard  and  laborious  time.  All  four 
brothers  served  their  country  in  the  war  of  liberation.  Gustav,  only 
seventeen  years  old  at  the  time  of  the  battle  of  "Waterloo,  was  not  in  any 
engagement,  but  made  the  long  march  under  arms  from  Berlin  to  Orleans. 
He  began  life  as  a  mining  engineer,  but  was  attacked  by  an  inflammation 
of  the  lungs.  The  scientific  pursuits  to  which  ho  devoted  himself  during 
his  recovery,  as  well  as  the  intercourse  with  his  brother  Heinrich,  induced 
him  to  give  up  his  engineering  pursuits  and  to  devote  himself  entirely  to 
science.  He  went  to  Stockholm  and  worked  under  Berzelius.  In  1826 
he  was  appointed  Extraordinary  Professor  of  Mineralogy,  and  in  1839 
Ordinary  Professor  at  Berlin,  and,  after  the  death  of  Weiss,  I>irector  of 
the  Boyal  Mineralogical  Museum  at  Berlin.  For  the  sake  of  making 
scientific  observations  he  travelled  through  a  wide  expanse  of  country — 
Scandinavia,  England  and  Scotland,  Italy  and  Sicily,  France  and  Austria. 
Ill  the  year  1829  he  travelled  with  Von  Humboldt  and  EhrenWg  to  ftiO 


TJral,  the  Altai,  and  the  Caspian  Sea  and  the  boundary  of  China.  This 
journey  laid  the  foundation  of  the  knowledge  of  the  Mineralogy  of  the 
extensive  Bussian  Empire.  His  researches  in  Germany  were  devoted  to 
the  Silesian  mountains. 

G.  Eose  was  the  first  in  his  own  country  who  determined  accurately  the 
angles  of  crystals  with  the  aid  of  the  reflecting  goniometer.  He  took  an 
important  part  in  the  labours  which  led  Mitscherlich  to  the  discovery  of 
isomorphism.  His  labours  embrace  every  department  of  Mineralogy — 
crystalline  forms  and  their  combinations,  the  physics  of  crystallography, 
the  chemical  composition  and  the  artificial  production  of  minerals,  and 
the  art  of  crystallographic  drawing.  The  knowledge  of  the  association 
of  minerals  in  rocks  (petrography)  was  founded  by  him,  as  he  was  one 
of  the  first  who  taught  how,  with  the  aid  of  the  microscope,  to  investigate 
the  minerals  invisible  to  the  eye  in  a  very  thin  polished  plate  of  stone. 

He  applied  himself  with  especial  delight  to  the  study  of  Meteorites, 
those  wonderful  bodies  which  fall  on  the  earth  out  of  the  depths  of  space. 
The  structure  of  the  iron  meteorites,  the  mineralogical  constitution  of 
the  stony  meteorites  revealed  themselves  to  his  acute  research.  His  mind 
busied  itself  perpetually  with  the  extraordinary  difference  between  the 
formation  of  the  stony  matter  in  those  cosmic  masses  and  in  the  solid 
crust  of  the  earth.  It  is  truly  remarkable  that  his  most  beautiful 
mineralogical  discoveries  were  not  made  in  operating  upon  rare  minerals, 
but  upon  such  as  exist  in  all  collections,  and  of  which  many  have  been  ex- 
posed to  observation  before.  To  these  belong  the  distinctions  of  the  forms 
of  quartz  and  its  various  twins;  the  crystallization  of  pyrites,  sought  after 
by  many  in  vain.  The  secret  of  making  such  discoveries  consisted  in 
this,  that  he  never  sought  after  the  form  alone,  but  always  contem- 
plated the  totality  of  the  physical  appearances.  During  the  last  year  of 
his  life  his  inquiring  thoughts  were  especially  directed  to  the  diamond. 
Few  mineralogists  are  capable  of  conjecturing  that  the  diamond  in  its 
form  yet  exhibits  perplexities.  So  occdpied  was  he  with  this  problem, 
that  he  dictated  to  one  of  his  sons  the  results  of  this  last  intellectual 
labour  only  f our-and-twenty  hours  before  his  end. 

He  saw  his  best  friends  and  truest  companions  of  his  labours,  Mit- 
scherlich, Magnus,  Haidinger,  and  above  all  his  brother  Heinrich,  called 
away  from  their  work.  Their  departure  and  his  increasing  solitude  filled 
him  with  sorrow.  Tet  he  derived  consolation  from  the  reflection  how  much 
science  had  been  promoted  by  his  departed  friends.  In  the  year  1870  he 
celebrated  his  Doctor's  Jubilee,  having  in  this  year  completed  the  half 
century  of  his  teaching  career.  He  never  sought  distinction,  though 
many  honours  fell  to  his  share.  When  created  a  Knight  of  the  Order 
"  Pour  la  Mdrite,"  the  honour  appeared  to  him  to  be  almost  too  great. 
Imperishable  is  the  remembrance  which  Gustav  Eose  has  left  behind 
him  in  Science;  though  not  imperishable  yet  more  touching  is  the 
remembrance  which  he  has  left  behind  him  in  the  hearts  of  all  with  whom 
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he  was  acquainted.  In  his  science  and  in  the  many  sided  relations  of 
his  life  he  had  no  enemy,  no  opponent.  To  live  in  peace  and  friendship, 
which  is  often  difficult  for  the  best,  was  to  him  inevitable.  As  his  own 
efforts  were  always  directed  to  truth  and  goodness,  he  assumed  the  same 
to  be  the  case  with  others.  In  their  efforts  he  saw  nothing  but  good. 
When  the  deeds  or  words  of  others  failed  to  meet  his  approbation,  be 
oonld  not  suppose  there  was  a  dishonourable  motive  for  their  conduct. 
This  explains  the  fact  that  those  who  lived  at  variance  with  one  another 
united  in  respecting  him.  On  the  11th  of  July,  1873,  he  gave  a  lecture. 
Notwithstanding  great  weakness  he  wrote  a  long  scientific  letter  in  the 
evening,  and  concluded  with  the  words,  "  Eest  will  do  us  good :  we  will 
go  again  to  our  old  quarters  at  Friedrichshafen  ;  would  we  were  there!' 
Scarcely  had  he  ended  the  letter  when  he  was  attacked  by  a  fit  of  shiver- 
ing, an  indication  of  an  infiammation  of  the  lungs,  which  in  less  than 
four  days,  on  the  15th  of  July,  closed  his  life,  in  the  76th  year  of  his 
age. 

Gustav  Eose  took  an  active  part  in  the  foundation  of  the  **  Deutsche 
Geologische"  Society,  of  which  he  was  President  from  the  year  1863 
until  his  death ;  and  almost  every  volume  of  the  '  Zeitschrift '  of  that 
Society  contains  papers  by  him.  Besides  his  works,  *  Mineralogisch- 
geognostische  Beise  nach'dem  Ural  dem  Altai  und  dem  Kaspischen 
Meere'  (of  which  the  first  volume  appeared  in  1837  and  the  second  in 
1842,  the  result  of  his  observations  in  those  regions),  his  *  Elemente  der 
Krystallographie,'  and  his  'Krystallochemische  Mineralsysteni,'  he  was  the 
author  of  niunerous  papers  published  in  Gilbert^s  and  in  FoggendorfTe 

*  Annalen,'  in  the  *  Abhandlungen '  of  the  Berliner  Akademie  der  "Wiesen- 
Bchaften,  and  other  periodicals. 

Chbistopheb  Haksteek  was  bom  at  Christiania  on  the  26th  September, 
1784.  He  attended  the  Cathedral  school  of  that  city ;  and  in  the  year 
1802  he  entered  the  University  of  Copenhagen,  where  he  studied  first 
law  and  afterwards  mathematics.  In  180G  he  became  a  teacher  of 
Mathematics  in  the  Gymnasium  of  Fredericksburg  in  Zealand.  It  was 
in  the  year  1807  that  he  began  to  take  an  interest  in  terrestrial  magne- 
tism ;  and  in  1812  he  obtained  the  prize  from  the  Boyal  Danish  Academy 
of  Sciences  for  his  answer  to  the  following  question : — "  Is  it  necessary, 
in  order  to  eipkin  facts  in  the  earth's  magnetism,  to  suppose  more  than 
one  magnetic  axis  in  the  earth  ?  " 

In  the  year  1814  he  was  appointed  to  the  chair  of  Astronomy  and 
Applied  Mathematics  in  the  University  of  Christiania,  founded  by 
Frederick  IV.  of  Norway. 

In  1819  he  published,  at  the  expense  of  the  King,  his  greatest  work, 

*  Untersuchungen  iiber  den  Magnetismus  der  Erde,'  in  a  quarto  volume 
of  650  pages.  It  was  illustrated  with  copper  plates  and  an  Atlas  of 
magnetic  charts,  and  also  contained  an  abstract  of  the  hi^totj  ot  Iki 
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subject.  This  work  was  only  preparatory  to  his  great  object.  He  wished 
to  make  a  mathematical  analysis  of  all  the  observations  in  the  light  of 
Euler's  theory  of  magnets ;  and  he  strove  to  test  Halley's  speculations 
as  to  the  existence  of  four  magnetic  poles  in  the  earth,  and  to  give  a 
satisfactory  answer  to  the  critical  problem  presented  by  the  Danish 
Academy  of  Sciences. 

His  Declination  chart  for  1787  was  more  accurate  and  full  than  similar 
charts  already  published  by  Halley,  by  Mountarn  and  Dodson,  aud  by 
Churchman. 

He  decided  that  there  were  two  magnetic  poles  in  the  northern  and 
two  in  the  southern  hemisphere ;  and  he  inferred  from  the  secular  changes 
in  these  lines  that  the  northern  magnetic  poles  were  moving  obliquely 
towards  the  east,  and  those  in  the  south  towards  the  west.  He  calcu- 
lated approximately  the  period  of  complete  revolution  for  each  pole,  and 
called  attention  to  the  following  coincidence,  namely,  that  the  shortest 
time  in  which  all  the  poles  will  return  to  the  same  relative  position 
agreed  closely  with  the  period  of  revolution  in  the  precession  of  the 
equinoxes. 

By  the  liberality  of  the  Norwegian  Government  he  was  enabled  to  go 
to  Siberia,  in  company  with  Duo  and  Erman,  to  search  for  the  ideal 
point  of  the  Asiatic  Pole  of  Magnetism.  l4iey  started  from  Berlin  on 
the  25th  of  April,  1828,  and  reached  Kiachta  and  Irkoutsk.  The  Bussian 
Government  offered  every  facility  for  the  success  of  the  expedition,  and 
the  results  were  important.  Ten  magnetic  observatories  were  established 
in  the  Eussian  Empire  by  the  recommendation  of  Humboldt,  and  great 
results  were  obtained  by  Gauss,  Sabine,  Lament,  and  others  from  the 
materials  collected  by  Hansteen  and  Erman.  Hansteen  ascertained 
beyond  dispute  the  existence  of  a  magnetic  pole  in  Siberia  supplementary 
to  that  in  British  America,  and  also  the  biaxial  character  of  the  earth's 
magnetism. 

Hansteen's  elaborate  treatise  on  Terrestrial  Magnetism  contains  a  dis- 
cussion on  the  Isoclinic  and  Isodynamic  lines,  and  on  those  of  Declina- 
tion.   His  Magnetic  Atlas  contained  maps  of  dip  and  intensity. 

These  observations  have  of  course  up  to  the  present  time  been  added 
to  in  so  far  as  the  increased  number  of  observations  in  the  Arctic  and 
Antarctic  regions,  in  the  United  States  of  America,  and  at  the  numerous 
magnetic  observatories  have  supplied  more  accurate  and  abundant  data. 
The  work  has  been  described  as  a  monument  of  industry,  learning,  and 
mathematical  skill. 

Soon  after  his  Siberian  expedition  Hiansteen  prevailed  upon  the  Nor- 
wegian Government  to  erect  in  Christiania  an  observatory  fitted  up  for 
Magnetic  Observations,  and  he  was  appointed  Director  of  this  Institution. 

Hansteen  reaffirmed  the  Decennial  period  as  the  result  of  25  years  of 
observation  in  Christiania,  changing  it,  however,  from  10  years  to  11*33 ; 
and  the  coincidence  between  this  period  and  that  of  the  solar  spots  has 
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onoe  been  reeBiablished  by  Wolf,  who,  after  prolonged  attention  to  the 
rabject,  proved  the  spot-period  to  be  a  little  over  11  years.  In  1837  the 
Trigonometrical  and  Topographical  Survey  of  Norway  was  commenced, 
md  Hansteen  was  placed  at  the  head. 

In  1856,  when  he  had  completed  his  50th  year  as  a  teacher  of  Science, 
his  jabilee  was  celebrated,  and  a  medal  struck  in  commemoration  of  it. 

In  the  year  1861  he  retired  from  active  work.  His  great  work  was 
tnmslated  into  G^erman  soon  after  its  publication ;  and  he  also  made 
Tarious  contributions  in  that  language  to  Schweigger's  '  Journal,'  to  Fog- 
gendorfTs  '  Annalen,'  and  to  the  '  Astronomischen  Nachrichten.' 

He  published  some  valuable  contributions  to  Meteorology  and  Astro- 
nomy. 

He  was  a  member  of  the  American  Academy  of  Arts  and  Sciences, 
of  the  Academies  of  Paris,  Berlin,  and  St.  Petersburg,  and  a  foreign  mem- 
ber of  the  Soyal  Society. 

His  death  took  place  on  the  11th  of  April,  1873. 

Chabuss  EirekNS  DsuiuirAY  was  bom  at  Lusigny,  in  the  Department  of 
the  Aube,  in  the  year  1816.  He  studied  at  the  £cole  Polytechnique,  of 
which  school  he  became  a  distinguished  pupil.  In  the  year  1836  he 
joined  the  £cole  des  Mines.  While  there  he  wrote  several  reports  on 
the  Coal-seams  of  the  Valley  of  St.  Etienne  and  Creusot,  as  well  as  on 
the  principal  iron  and  steel  works  of  Prance,  which  were  remarkable 
for  clearness  of  thought  and  skill  in  theoretical  speculations  ;  and  he 
was  still  a  pupil  in  the  School  when  a  proposal  was  made  by  his 
former  masters  at  the  £cole  Polytechnique  that  he  should  be  appointed 
as  Teacher  of  Geodesy  in  their  school.  There  were  difficulties  in  the 
way  of  this ;  but  the  anxiety  to  obtain  the  benefit  of  the  talents  of  young 
Bdaunay  was  so  great  that  the  Council  of  the  school,  at  the  head  of  which 
was  M.  Cordier,  gave  their  sanction  to  the  arrangement,  and  Delaunay 
was  appointed.  He  subsequently  became  a  Professor  in  the  £cole  Poly- 
technique, and  later  on  also  in  the  £cole  des  Mines.  From  the  year 
1845  to  1850,  Delaunay  held  a  Professorship  in  that  section  of  the  tcolo 
des  Mines  which  was  specially  devoted  to  the  instruction  of  Engineers, 
whether  attached  to  the  Corps  des  Mines  or  those  connected  with  the 
mining  industry  of  Prance.  He  had  classes  for  descriptive  Geometry, 
Stereotomy,  Machine  drawing,  Analytical  Mechanics,  and  Elementary 
Physics,  and  his  teaching  is  said  to  have  been  most  successful.  In  1850 
Behuinay  attached  himself  exclusively  to  the  ficole  des  Mines.  He  was 
appointed  to  successive  grades  in  the  Corps  des  Mines,  and  became 
fiigineer  in  Chief  in  1858.  In  1867  he  was  raised  to  the  first  class  of 
his  rank. 

His  first  memoir,  "  Sur  la  Distinction  des  Maxima  et  des  Minima 
dans  les  questions  qui  dependent  de  la  M^thode  des  Variations,  was 
published  in  1841.    Other  important  works  followed  it,  on  l\ie  TVitorj  qI 
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the  Precession  of  the  Equiaoxes,  Theory  of  the  Motion  of  the  Moon,  ele- 
mentary treatises  on  Astronomy  and  Mechanics,  and  many  miscellaneous 
papers  in  the  '  Gomptes  Bendus,'  '  Connaissance  des  Temps,'  and  in  the 
Journal  of  the  £cole  Polytechnique.  He  was  also  the  author  of  some 
excellent  elementary  books  on  astronomy  and  mechanics.  Soon,  however, 
his  attention  became  engaged  by  astronomical  questions,  and  before  long 
he  was  entirely  absorbed  by  them.  He  published  an  important  treatise 
on  the  Theory  of  the  Tides,  and  about  the  same  time  the  question  of  the 
Lunar  Theory  began  to  occupy  him. 

His  greatest  work,  *  La  Th^rie  de  la  Lnne '  (the  first  part  of  which 
occupied  him  fourteen  years),  was  published  in  1860  as  an  entire  volume 
of  'M^moires '  of  the  Academic  des  Sciences.  It  made  his  name  famous 
among  astronomers.  Li  1862  the  Ktoyal  Astronomical  Society  of  London 
elected  him  one  of  their  Associates ;  and  in  February  1870  Professor  J. 
C.  Adams  presented  to  him,  in  the  name  of  the  President,  the  Gold  Medal 
of  the  Society,  in  acknowledgment  of  the  high  opinion  of  his  work  enter- 
tained by  English  astronomers. 

During  the  same  time  he  published  a  number  of  papers  relating  to  the 
theory,  one  in  particular  on  the  secular  acceleration  of  the  mean  motion 
of  the  moon,  which  was  then  a  subject  of  much  controversy. 

The  second  volume  of  his  *  Th^rie '  appeared  in  1867.  The  prepara- 
tion of  the  Lunar  Tables  necessary  for  the  completion  of  the  work  was 
undertaken  by  the  Bureau  des  Longitudes,  under  the  direction  of 
Delaunay.  A  government  grant  of  funds  was  obtained  for  the  pur- 
pose, and  the  tables  were  in  course  of  prepanttion  at  the  time  of  his 
death.  It  was  uncertain  whether  the  calculations  were  sufficiently 
advanced  to  be  carried  on  without  him ;  but  M.  Puiseau,  Member  of 
the  Bureau  des  Longitudes,  says,  '*  Quoique  Tauteur  ne  soit  plus  1^  pour 
y  mettre  la  demicre  main,  il  ne  sera  sans  doiite  pas  impossible  de  terminer 
oe  monument  scientifique.  Espdrons  poiir  la  gloire  de  Tastronomio 
frangaise  que  ce  service  sera  rendu  h  la  science,  que  ce  supreme  hommage 
ne  manquera  pas  k  notre  illustre  confrere." 

In  the  year  1854,  when  the  administration  of  the  observatory  of  Paris 
was  separated  from  that  of  the  Bureau  des  Longitudes,  several  of  the 
members  of  its  stafE  retired  to  a  house  in  the  Eue  Notre  Dame  des 
Champs,  where  they  established  a  small  observatory.  Delaunay  occu- 
pied an  apartment  in  the  same  house,  and  there  he  formed  a  life-long 
friendship  with  Mathieu  and  Laugier.  It  was  there  that  he  worked  out 
most  of  his  researches,  seldom  going  out  except  to  give  his  lessons  at 
the  £cole  des  Mines  or  the  Sorbonne.  He  often  began  work  as  early 
as  five  in  the  morning,  and  invariably  continued  until  late  in  the  evening. 
From  this  tranquil  life  he  was  called  away  in  1870  by  the  Emperor 
Napoleon  the  Third  to  succeed  M.  Leverrier  as  Director  of  the  Paris 
Observatory.  Many  alterations  and  improvements  had  taken  place  in 
the  Observatory  since  the  death  of  Arago,  and  Delaunay  soon  became 
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i»on\inced  of  their  importance.  But  he  had  not  long  been  installed  in 
his  new  oflBce  when  the  terrible  war  between  France  and  Germany 
broke  out ;  and  his  whole  time  and  attention  were  soon  absorbed  in  the 
preservation  of  the  observatory  from  the  effects  of  a  bombardment.  All 
ikte  delicate  instruments  were  dismantled  and  stowed  away  and  the 
observations  suspended.  On  the  restoration  of  peace  the  observatory 
was  soon  restored  to  order  and  the  observations  were  resumed. 

Feeling  the  great  want  of  public  and  private  observatories  in  France, 
Delaunay,  in  conjunction  with  Leverrier,  made  an  application  to  the 
government  for  the  establishment  of  a  certain  number  of  geodetical  and 
astronomical  stations  in  different  places.  The  observatories  were  to  be 
established  according  to  plans  arranged  by  Delaunay  and  the  Bureau  des 
Longitudes. 

To  Delaunay  is  owing  the  independence  of  the  Observatory  of  Mar- 
seilles, which  had  hitherto  been  in  connexion  with  the  Paris  Observatory, 
also  the  foimdation  of  one  at  Toulouse  and  the  plan  for  one  at  Besangon. 
His  energies  were  devoted  to  making  the  Observatory  of  Paris  the  great 
centre  of  astronomy  in  France.  Shortly  before  his  death  he  remarked, 
"  We  are  going  to  do  many  things.  The  Observatory  intends  to  devote 
all  its  energies  to  the  reobservation  of  Lalande's  Catalogue,  to  continue 
the  ecliptic  star-charts  commenced  by  Chacomac,  to  observations  of 
double  stars  ;  and,  finally,  we  are  making  preparations  for  new  determi- 
nations of  the  longitude  of  Brest,  Greenwich,  and  Neufchatel." 

He  continued  hb  observations  of  the  minor  planets  during  the  second 
half  of  the  lunation  with  great  success,  excepting  during  the  siege. 

Delaunay  lost  his  wife  a  few  years  after  his  marriage.  He  has  left 
one  son,  who  is  guardian  of  the  Forests  of  Vitry  le  Franoais.  His  aged 
mother,  to  whom  he  had  been  a  most  devoted  son,  survived  him. 

It  remains  only  to  relate  the  painful  circumstance  of  his  death.  On 
Tuesday,  July  30th,  1872,  he  left  Paris  in  company  with  his  cousin  M. 
Millot,  Controller  of  the  Post,  for  a  few  days  holiday.  On  the  following 
Sunday  he  wrote  from  Bayeux  that  he  intended  spending  a  few  days  at 
Cherbourg,  and  should  return  to  Paris  on  the  following  Thursday.  On 
the  Tuesday  following  a  telegram  was  received  in  Paris  announcing  that 
he  wid  his  cousin  and  two  boatmen  had  been  drowned  by  the  upsetting 
of  a  pleasure-boat  in  the  roadstead  of  Cherbourg.  It  is  a  singular  fact 
that  both  his  father  and  brother  perished  by  drowning. 

Delaunay  was  a  member  of  the  Academic  des  Sciences  of  the  Institute 
of  France,  and  towards  the  close  of  his  life  had  occupied  the  Chair.  He 
was  a  Doctor  of  Science,  a  member  of  several  learned  societies,  and  was 
elected  a  foreign  member  of  the  Koyal  Society  in  1869. 
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Thomaa  Hbwitt  Key  was  bom  in  London  on  the  20fch  of  March,  1799. 
He  was  the  youngest  son  of  Dr.  Key,  a  London  Physician,  and  half-brother 
of  Charles  Aston  Key,  the  eminent  surgeon. 

T.  H.  Key  was  sent  to  the  Eev.  Samuel  Dewe's  school  at  Buntingford 
in  Hertfordshire,  where  he  remained  nearly  ten  years.  From  this  school 
he  went  to  St.  John's  College,  Cambridge ;  but  he  removed  to  Trinity 
College,  Cambridge,  during  his  undergraduateship,  and  obtained  a  scholar- 
ship in  his  new  college.  He  took  his  degree  in  1821,  and  was  nineteenth 
wrangler. 

Mr.  Key's  inclination  was  to  go  to  the  bar ;  but  in  compliance  with  the 
wish  of  his  father,  to  whom  he  was  a  most  dutiful  and  affectionate  son, 
he  began  to  prepare  for  the  medical  professiou,  and  he  studied  nearly  two 
years  at  Gu/s  Hospital;  but  his  purpose  was  changed  by  the  acceptance  of 
the  Professorship  of  Mathematics  in  the  University  of  Virginia,  U.  S.,  under 
the  following  circumstances.  In  the  summer  of  1824anagent  from  the  State 
of  Virginia  came  to  England  to  choosefour  professors  for  the  new  University 
of  Virginia,  which  had  been  established  by  the  Legislature  at  Charlottes- 
ville in  a  central  position  in  the  State,  and  near  Monticello,  the  residence 
of  Mr.  Thomas  Jefferson.  The  course  of  instruction  was  planned  by  Mr. 
Jefferson,  himself  a  Virginian,  and  once  President  of  the  United  States. 
He  was  the  Eector  of  the  new  University,  and  even  the  architect,  though 
he  was  then  past  eighty  years  of  age.  He  also  made  out  a  catalogue 
of  valuable  books  for  the  university  library,  and  the  agent  was  empowered 
to  purchase  the  books  in  England.  Mr.  Jefferson,  as  Bector  and  head  of 
the  Board  of  Visitors,  superintended  the  affairs  of  the  University  till  his 
death  in  1826.  In  the  simple  inscription  which  he  left  for  his  tomb  on 
the  hill  named  Monticello,  he  describes  himself  as  "  the  author  of  the  De- 
claration of  Independence,  the  act  for  Eeligious  Toleration,  and  the  Eector 
of  the  University  of  Virginia."  The  Presidency  of  the  United  States  is 
not  mentioned.  Mr.  Jefferson  thought  that  it  was  a  greater  honour  to 
have  been  the  active  founder  of  a  University  in  his  native  State ;  and  he 
expected  that  it  would  be  a  great  benefit  to  the  country.  Fifty  years  of 
experience  have  confirmed  his  expectations,  and  the  University  of  Virginia 
is  now  a  valuable  school. 

]Mr.  Key  before  leaving  England  married  Miss  Sarah  Troward,  daugh- 
ter of  Eichard  Ironmonger  Troward,  who  was  solicitor  for  the  prosecution 
in  "Warren  Hastings's  trial.  This  happy  marriage  continued  to  his  death, 
and  he  had  the  rare  felicity  of  celebrating  his  golden  wedding  on  the  28th 
of  September,  1874. 

In  Virginia  Mr.  Key  was  a  successful  teacher  of  mathematics,  a  science 
for  which  he  had  a  great  natural  i^paaity,  and  he  was  much  beloved  by 
his  pupils.  In  the  summer  of  1825,  during  the  absence  of  the  Professor 
of  Ancient  Languages,  Mr.  Key,  in  addition  to  his  own  classes,  taught 
the  Greek  and  Latin  classes  in  the  University.  He  left  Charlottesville 
in  1827  much  regretted,  and  returned  to  London.     During  his  residence 
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in  Virginia  he  began  his  et/inological  study  of  the  Latin  language,  which 
he  prosecuted  to  the  end  of  his  life. 

In  1828  he  was  appointed  Professor  of  Latin  in  the  University  of  London 
in  Gtower  Street.  The  University  of  London  was  opened  on  the  1st  of 
October,  1828.  An  attempt  was  made  to  establish  in  Oower  Street  a  school 
in  connexion  with  the  new  University  for  supplying  it  with  well-prepared 
pupils.  The  design  was  good,  but  the  school  did  not  promise  much  suc- 
cess. Li  1833  this  school,  or  a  school  in  place  of  it,  was  established  in 
the  University  buildings  in  Gower  Street,  and  Mr.  Key,  the  Professor  of 
Latin,  and  Mr.  Maiden,  the  new  Professor  of  Greek,  were  appointed 
joint  head  masters.  In  1842  Mr.  Key  gave  up  the  Professorship  oif 
Latin  and  took  the  Professorship  of  CJomparative  Grammar  with  the  un- 
dinded  headship  of  the  school,  which  he  held  to  the  day  of  his  death. 
Professor  Maiden  still  continued  to  teach  the  sixth  Greek  class  in  the 
school  till  recently. 

In  1836  the  present  University  of  London  was  established,  and  the 
University  of  London  in  Gower  Street  received  a  Eoyal  Charter,  and  took 
the  name  of  University  College,  which  it  now  has.  This  Charter  was 
annulled  by  Act  of  Parliament  of  the  24th  of  June,  1869,  whereby  the 
College  was  reincorporated  with  additional  powers,  and  divested  of  its 
proprietary  character. 

The  school  of  University  College  has  been  a  good  place  of  education 
under  the  two  original  head  masters  and  the  subsequent  head  mastership 
of  Mr.  Key  only.  It  has  given  a  more  enlarged  and  useful  education  for 
boys  than  could  be  got  at  most  schools  ;  and  one  proof  of  success  is  the 
number  of  able  men  who  have  been  brought  up  in  it  and  are  now  well  known 
in  the  world.  For  some  years  the  number  of  boys  was  not  large,  but 
there  was  a  steady  increase.  In  1868  the  number  was  about  four  hun- 
dred, and  in  1875,  the  last  year  of  Mr.  Key's  life,  it  was  above  six  hun- 
dred. 

Mr.  Key  was  employed  from  1828  till  his  death  in  November  1875  as 
a  teacher  and  head  master  in  University  College  School,  and  also,  first,  as 
Professor  of  Latin  and  afterwards  of  Comparative  Grammar  in  University 
College.  He  was  the  first  Professor  of  Comparative  Grammar  in  the  College, 
and  it  w411  be  very  difficult  to  supply  his  place.  It  is  stated  in  the  Eeport 
of  the  Council,  February  23rd,  1876 : — "Since  1842,  when  Mr.  Key  was 
appointed  to  the  Professorship  of  Comparative  Grammar,  the  science  of 
Philology  has  been  more  generally  studied  than  had  previously  been  the 
case ;  and  there  can  be  no  doubt  that  the  increased  interest  with  which 
the  subject  is  now  regarded  is  to  some  extent  attributable  to  the  zeal 
with  which  he  devoted  himself  to  his  professorial  duties,  and  to  the  ex- 
tensive erudition  which  he  displayed  in  lecturing  on  the  subject  in  which ' 
he  took  an  eni>husiastic  interest,  which  gave  to  his  lectures  a  chann  ren- 
dering them  most  attractive,  and  communicating  his  enthusiasm  to  maivY 
olihe  Btudentg/'  ^  t 
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A  few  words  must  be  added  on  other  matters,  in  which  Mr.  Key's  ac- 
tive mind  and  great  abilities  enabled  him  to  do  much  service  to  his  coun- 
try in  other  ways.  He  was  like  the  Boman  in  one  respect  of  whom  C. 
Caesar  said,  "  Whatever  this  man  wills,  he  wiUs  it  with  all  his  might."  He 
was  a  zealous  and  efRcient  supporter  of  the  Eeform  Bill  for  the  improve- 
ment of  the  constitution  of  the  House  of  Commons,  of  the  Bill  for  the  repeal 
of  the  Com  Laws,  and  of  the  Bill  for  the  repeal  of  the  duty  on  paper;  and 
he  also  took  an  active  part  in  the  elections  for  Marylebone  when  Admiral 
Charles  Napier  was  elected.  Mr.  Key  was  one  of  the  founders  of  the 
London  Library  in  St.  James's  Square  and  a  member  of  the  Committee, 
and  also  a  member  of  the  Society  for  the  Diffusion  of  Useful  Knowledge. 
He  was  until  a  few  years  before  his  death  a  regular  attendant  at  the  meet- 
ings of  the  Philological  Society  of  London,  and  for  some  years  President 
of  the  Society.  His  contributions  to  the.  Proceedings  of  this  Society  were 
numerous  :  there  is  a  list  of  them  in  the  preface  to  his  Philological  Essays 
(1868).  He  was  one  of  those  who  assisted  in  originating  the  formation 
of  the  body  of  Volunteers ;  but  he  lived  long  enough  to  think  that  the 
country  was  trusting  too  much  to  the  Volunteers,  and  that  it  required 
otherand  more  complete  defence. 

Mr.  Key  was  an  acute  observer  of  facts,  and  he  possessed  in  a  remark- 
able degree  the  power  of  judging  of  e^ddence  and  of  character,  as  he 
showed  in  the  case  of  Lord  Cochrane,  afterwards  Earl  of  Dundonald,  one 
of  the  greatest  seamen  that  this  country  has  produced.  Lord  Cochrane, 
with  his  uncle  Cochrane  Johnston,  was  tried  in  1814  for  conspiracy  and 
fraud,  imjustly  convicted,  and  disgraced.  In  1847,  when  Lord  Dundonald 
was  not  yet  fully  restored,  Mr.  Key  was  led  to  read  the  report  of  the  trial, 
and  from  a  careful  examination  of  the  evidence,  he  was  convinced  of  Lord 
Dundonald's  innocence.  At  this  time  he  became  acquainted  with  Lord 
Dundonald,  and  he  has  left  many  papers  which  he  received  from  him. 
Mr.  Key  had  the  satisfaction  at  last  of  seeing  the  veteran  seaman  restored 
to  all  his  honours  and  his  great  name  cleared  from  an  unmerited  stain. 

In  1856  Mr.  Key  wrote  an  excellent  pamphlet  on  the  division  of  profits 
in  the  London  Life  Association,  in  which  he  was  one  of  the  insured.  He 
showed  here  his  capacity  to  deal  with  problems  of  life  insurance,  and 
powers  which  would  certainly  have  raised  him  to  eminence  as  a  lawyer. 
The  changes  which  he  recommended  were  not  made  at  the  time,  but  they 
have  since  been  substantially  adopted,  to  the  great  benefit  of  the  members 
of  the  Association. 

Mr.  Key's  literary  labours  wDl  be  briefly  noticed.  He  made  a  good 
map  of  ancient  France  (Gallia)  for  the  Useful  Knowledge  Society's  Atlas. 
This  map  was  accompanied  by  a  map  of  France  in  Provinces,  as  they  ex- 
isted before  the  Eevolution  of  1789.  He  was  very  fond  of  geography,  and 
.  taught  it  well  in  the  school  of  University  College.  He  wrote  several  articles 
in  the  Journal  of  Education  of  the  Useful  Knowledge  Society,  among  which 
^^^^  a  review  of  an  English  translation  of  Zumpt's  Latin  Grammar,  and  of 
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the  school  editions  of  Terence,  with  remarks  on  the  metres  of  Terence. 
Li  the  rev-iew  of  Zumpt's  Grammar  he  made  the  first  proposal,  as  far  as 
be  knew  and  as  far  as  the  writer  knows,  to  apply  the  crude-form  system 
of  the  Sanskrit  Grammarians  to  the  classical  languages;  and  he  says 
(Appendix  I.  Key's  Latin  Grammar,  edition  of  1858),  "The  system  had 
been  previously  expounded  in  the  classical  lecture-rooms  of  the  Univer- 
sity of  London"  (now  University  College)*.  In  1829  Mr.  Key  had 
attended  the  Sanskrit  class  of  the  learned  Dr.  Eosen  in  the  then  Univer- 
sity of  London ;  but  he  had  never  time  to  prosecute  the  study  of  Sanskrit 
beyond  the  elementary  part. 

Mr.  Key  contributed  to  the  Penny  CyclopaDdiaof  the  Useful  Knowledge 
Society  some  valuable  articles,  chiefly  on  Language.  Among  them  were 
articles  on  the  letters  of  the  Alphabet,  the  article  on  the  Alphabet,  and 
one  on  the  metres  of  Terence.  These  papers  were  for  the  most  part 
collected  in  a  little  volume  (1844),  and  there  was  prefixed  to  it  a  Prefatory 
Letter  to  his  colleague,  the  Professer  of  Latin  in  University  College. 
This  Prefatory  Letter  gave  rise  to  a  controversy.  Those  who  are  curious 
about  the  matter  will  find  further  information  on  it  -in  the  Preface  to 
Mr.  Key's  Philological  Essays. 

Li  1846  Mr.  Key  published  a  Latin  Grammar  on  the  system  of  Crude 
Forms,  and  in  1862  what  he  says  he  may  call  a  third  edition  of  the 
same,  "  corrected  and  somewhat  enlarged."  Li  1846  few  Latin  scholars 
knew  what  crude  forms  were.  The  book  was  used  in  University  College 
School,  but  the  teaching  of  Latin  and  Greek  on  this  system  had  been  a 
long  time  practised  there.  The  book  sold  slowly,  for  no  persons  are  slower 
in  making  improvements  in  education  than  the  common  teachers  of  Latin. 
Li  Appendix  I.  to  the  Grammar  Mr.  Key  has  explained  the  Crude  Form, 
upon  which  system,  as  he  says,  every  Sanskrit  Grammar  is  consiructed ; 
and  he  has  attempted  to  show  "  the  practical  advantages  which  it  offers 
even  for  elementary  instruction."  It  will  perhaps  be  a  long  time  before 
this  system  comes  into  general  use  in  teaching  the  Greek  and  Latin  lan- 
guages ;  but  there  are  now  many  teachers  and  scholars  who  know  what  it  is. 
The  study  of  Latin  is  a  necessity  in  England,  and  can  never  be  neglected 
in  a  good  education.  We  may  hope  that  it  will  be  taught  better  than  it 
has  been ;  for  the  aid  which  Latin,  when  it  is  taught  well,  gives  towards 
the  etymology  of  our  own  highly  Latinized  tongue,  is,  as  Mr.  Key  says, 
"  a  secondary  but  still  an  important  consideration ;  and  here  again  the 
crude  forms  have  a  marked  advantage  over  the  nominatives."  Mr.  Key's 
Latin  Grammar  is  an  excellent  work,  superior  in  its  design  to  any  other, 
and,  as  some  persons  think,  in  the  execution  also.     Those  who  are  not  yet 

*  Mr.  Key  says  in  a  note :— "  In  the  year  183C  was  published  the  Bromsgrove  Latin 
Grammar,  by  the  Rev.  G.  A.  Jacob  (late  Scholar  and  Tutor  of  Worcester  College,  Ox- 
ford), which  is  drawn  up  in  a  great  measure,  but  far  from  uniformly,  upon  the  crude- 
form  system.    Mr.  Jacob  subse^jucntly  published  a  Greek  Grammar  on  the  same  plan." 
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prepared  to  use  the  crude-form  system  in  their  teaching  will  find  the 
part  on  Syntax  very  useful*. 

The  Philological  Essays  of  Mr.  Key  were  "  in  part  published  for  the 
first  time,  in  part  reprinted  from  the  Transactions  of  the  Philological  So- 
ciety, but  with  many  changes  or  additions."  Of  the  useful  essays  in  this 
volume,^  the  following,  in  Two  Parts,  is  worth  a  careful  study : — "  Quae- 
ritur.  The  Sanskrit  language  as  the  basis  of  Linguistic  Science ;  and  the 
labours  of  the  Q-erman  School  in  that  field,  are  they  not  overvalued  ?  " 
The  author  acknowledges  the  deepest  obligations  of  all  classical  students 
to  the  scholars  of  Germany ;  and  he  adds  that  in  the  question  which  he 
is  now  considering,  the  word  "  overvalued  "  is  "  quite  compatible  with  an 
admission  of  great  value;"  and  this  great  value  he  does  not  deny.  He 
also  acknowledges  the  signal  services  of  Bopp,  the  founder,  as  he  is  named, 
of  the  science  of  Comparative  Grammar.  The  particular  objections  to 
some  of  the  opinions  of  the  Sanskritists  can  only  be  learned  from  the  essay. 
The  objections  to  some  of  the  theories  of  Bopp  appear  to  be  unanswerable ; 
some  of  those  theories  are  properly  termed  "extravagancies," and  it  is  hard 
to  conceive  that  any  student  of  language  can  accept  them. 

The  second  part  of  "  Quaeritur  "  treats  of  the  *  Vergleichende  Gram- 
matik '  of  Bopp,  the  first  portion  of  which  was  published  in  1833.  The 
book  was  republished  with  some  changes  and  considerable  additions  in 
1857-60.  Mr.  Key  objects  to  the  precedence  which  Bopp  gives  "  to 
writing  over  sound ;"  or,  in  other  words,  to  languages  which  are  written 
over  languages  which  are  only  spoken ;  and  he  objects  for  this  reason, 
that  "  the  error,  so  to  call  it,  has  told  unfavourably  on  the  arguments 
that  follow."  Accordingly  Mr.  Key  objects  to  Bopp's  designation  of  a, 
i,  u  as  the  three  original  vowels,  which  error  proceeds  from  Bopp  not 
looking  "  upon  the  materials  for  oral  language  as  belonging  to  the  domain 
of  physical  science,  and  wholly  independent  of  those  other  forms  of  lan- 
guage which  are  addressed  to  the  eye."  Bopp's  error  also  proceeds  from 
knowing  nothing  of  Professor  Willis's  experiments  (p.  272)  on  the  vowel- 
sounds,  which  sounds  "  pass  by  imperceptible  gradations  from  the  one 
extreme  i  (the  sound  in  feet)  to  the  other  u  (or  oo  in  booty  The  varieties 
of  vowel-sounds  are  therefore  infinite,  or  practically  unlimited — a  fact 
which  a  careful  observer  of  human  speech  would  certainly  know.  Another 
objection  made  to  Bopp's  work  is  this  : — "  The  German  philologer  de- 
parting from  the  course  marked  out  by  his  Indian  authorities,  refuses  to 
accept  the  doctrine  that  all  words  are  traceable  back  to  verbs."  This 
matter  is  discussed  by  Mr.  Key  at  some  length. 

Mr.  Key's  last  work  is  on  *  Language,  its  Origin  and  Development  * 
(1874).  By  language  he  means  oral  language ;  and  he  says,  "  in  this 
sense  the  word  language  will  be  always  used,  unless  the  contrary  be 

*  There  is  an  article  hj  Mr.  Key  on  the  adyantages  of  the  crude-form  system  in  B^'s 
'  English  Jounml  of  Education '  for  December  1850,  toI.  ir.  New  Series,  p.  446. 
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stated.'*  He  adds,  "a  nobler  subjacfc  of  study  cannot  be  conceived,  for  it 
fonns  the  main  instrument  of  man's  superior  development,  to  which  he 
owes  it  that  he  stands  so  far  above  the  rest  of  the  animal  world."  We 
shall  here  consider  only  the  theories  of  the  origin  of  language ;  but  the 
remainder  of  the  book  will  well  repay  the  labour  of  those  who  will  read 
it  carefully. 

The  theory  of  James  Harris,  in  his  'Hermes,'  is  that  a  "word  is  a  voice 
articulate  and  significant  by  compact."  This  theory  may  now  be  allowed 
(o  repose  quietly  with  Bousseau's  theory  of  the  Social  Contract ;  no  man 
will  disturb  their  rest.  There  are  two  other  theories  of  the  origin  of 
Language,  one  of  which  is  thus  stated  by  Professor  Max  Miiller : — **that 
man  in  his  primitive  and  perfect  state  possessed  the  f acidty  of  giving  ex- 
pression to  the  rational  conceptions  of  his  mind ; "  *'  that  this  faculty  was 
an  instinct,  an  instinct  of  the  mind  as  irresistible  as  any  other  iustinct ; " 
and  further,  *'  the  faculty  peculiar  to  man  in  his  primitive  state,  by  which 
every  impression  from  without  received  its  vocal  expression  from  within, 
must  be  accepted  as  an  ultimate  fact."  This  theory  puts  an  end  to  all 
inquiries  on  the  origin  of  language.  Whether  the  progenitors  of  the 
human  race  were  one  perfect  pair  or  many  perfect  pairs,  they  coi^d  trans- 
mit their  language  to  their  children  in  the  way  in  which  it  is  now  transmitted. 
But  language  is  subject  to  change  in  the  course  of  time  and  under  new 
circumstances ;  and  it  is  easily  corrupted,  as  we  know.  The  conclusion 
from  this  theory  is  that  all  languages  which  have  existed  and  exist  now, 
even  the  imperfect  languages  of  savage  people,  are  derived  from  this 
language  of  man  "  in  his  primitive  and  perfect  state." 

The  other  theory  is  that  of  Mr.  Key,  and  of  others  also,  that  language 
has  been  made  by  man.  All  men  speak,  an>i  all  have  the  same  organs  of 
speech ;  but  there  is  a  wonderful  diversity  in  their  speech ;  and  yet,  as 
they  use  the  same  organs,  we  may  expect  to  find  some  resemblance  in 
their  language,  varied,  however,  by  circumstances  which  are  very  different 
and  often  very  difficult  to  estimate.  Mr.  Key  says,  "I  conclude  with  the 
expression  of  a  strong  opinion  that  original  language  is  mimetic,  in  other 
words,  consisted  solely  in  the  imitation  of  natural  sounds ;"  and  in  another 
place  he  says  that  "it  is  all  but  universally  admitted  that  some  portion  of 
language  owes  its  origin  to  an  imitation  of  the  sounds  of  nature." 

According  to  this  theory  man  in  his  primitive  state  was  not  perfect, 
and  he  could  not  even  «peak  ;  his  progress  towards  speaking  was  like  his 
progress  to  other  useful  sciences  and  arts,  slow  and  laborious  through 
long  ages  of  suffering  and  sorrow.     The  ancient  writers  had  a  perception 
of  this  melancholy  truth,  as  Horace  (Sat.  i.  3.  99)  when  he  wrote 
"  Cum  prorepaerunt  prirais  animalia  terns, 
Mutum  et  turpe  pecos/'  &c. ; 
on  which  Lyell  (*  Antiquity  of  Man ')  says,  "  The  opinion  entertained  ge- 
nerally by  the  classical  writers  of  Greece  and  Home,  that  man  in  the  first 
stage  of  his  existence  was  but  just  removed  from  the  brutes ,  \s  iA!L\M^\iX^' 
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expressed  by  Horace.  The  picture  of  transmutation  given  in  these  verses, 
however  severe  and  contemptuous  the  strictures  lavishly  bestowed  on  it 
by  Christian  commentators,  accords  singularly  with  the  train  of  thought 
which  the  modem  doctrine  of  progressive  development  has  encouraged." 
Those  Comparative  Grammarians,  then,  who  accept  this  theory  may  still 
find  something  to  do ;  and  they  may  try  to  explain  the  slow  steps  from 
imitation  of  natural  sounds  to  the  state  in  which  language  has  existed  and 
exists  now  among  nations  named  civilized,  and  also  among  other  nations 
where  it  is  still  near  to  its  supposed  original  and  rude  condition.  Mr. 
Key  has  done  something  towards  this  end ;  but  future  students  of  lan- 
guage may  and  ought  to  do  more. 

Mr.  Key  left  an  unfinished  Latin  Dictionary,  the  work  of  many  years, 
for  the  Latin  Language  was  the  chief  subject  on  which  he  was  employed 
as  a  student  and  teacher.  In  the  Preface  to  his  work  on  Language  (March 
1874)  he  describes  the  Dictionary  as  filling  more  than  2400  pages  of 
quarto  MS.,  and  including  nearly  all  those  words  in  which  he  thought 
himself  able  to  make  some  improvement.  In  the  interval  between  1874 
and  his  death  he  made  large  additions  to  the  MS.,  and  his  friends  hope 
that  the  work  may  be  published.  It  will  probably  contain  things  which 
some  scholars  may  not  accept ;  but  it  will  certainly  contain  much  valuable 
and  original  matter,  such  as  may  be  expected  from  the  long  labours  of  an 
excellent  Latin  scholar  and  a  student  of  language  generally. 

Mr.  Key  was  tall,  and  his  personal  appearance  was  very  striking  and 
agreeable,  especially  when  he  was  animated.  His  countenance  expressed 
great  force  of  character  and  penetration.  A  marble  bust  of  him  by  T. 
Woolner,  E.A.,  was  presented  to  University  College  a  few  months  before 
his  death  by  some  of  his  old  pupils  and  friends. 

The  character  of  Mr.  Key  may  be  partially  known  by  those  who  read 
what  he  has  written.  It  was  as  elevated  as  his  inteUectual  powers.  He 
was  singularly  modest  and  unaffected,  but  bold  and  free  in  his  opinions. 
He  was  a  very  good-tempered  man,  and  an  agreeable  companion,  an  af- 
fectionate husband  and  father,  a  teacher  beloved  by  his  pupils,  a  faith- 
ful and  generous  friend,  and  a  man  of  unspotted  integrity.  No  person 
knew  hira  so  well  and  so  long  as  the  writer  of  this  notice,  who  for  more 
than  half  a  century  enjoyed  his  friendship  without  one  moment  of  inter- 
ruption. 

Chables  WifEATSTONE  was  bom  in  February  1802,  in  the  vicinity 
of  Gloucester,  and  was  educated  at  a  private  school  in  his  native 
city,  at  which  he  evinced  his  predilection  for  Mathematics  and  Physics. 
In  1823,  at  the  age  of  21,  we  find  him,  in  conjunction  with  Ids 
brother,  long  since  deceased,  engaged  in  the  manufacture  and  sale  of- 
musical  instruments  in  London.  But  his  genius  was  not  long  in  finding 
opportunities  of  development ;  for  in  the  same  year  he  made  his  first  con- 
tribution to  science  in  a  paper  published  in  Thomson's  *  Annals  of  Philo- 
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lophj/  entitled  "New  erperiments  on  Sound,"  containing  tho  results  of 
his  earlier  experiments  on  the  vibrations  of  chords,  rods,  and  surfaces, 
wfaidi  excited  so  much  attention  among  physicists,  that  it  was  repro- 
dooed  the  same  year  in  ihe  *  Annales  de  Chimie,*  and  in  the  following 
year  in  *  Schweigger^s  Jahrbuch/  His  next  papers,  also  on  Acoustics, 
were  published  in  the  •  Quarterly  Journal  of  Science,'  on  "  New  d^cperi- 
ments  on  Audition,"  in  1827,  and  on  "  tho  Kaleidophone,"  in  the  follow- 
ing  year.  This  elegant  philosophical  toy  consists  of  a  steel  wire  fixed 
Tertically  in  a  heavy  base,  or  in  a  vice,  and  surmounted  by  a  silvered 
glass  bead.  If  this,  by  an  appropriate  displacement,  be  thrown  into  a 
compound  vibration,  consisting  of  the  simple  vibration  of  its  entire  length 
accompanied  by  that  of  the  first  harmonic  subdivision,  a  series  of  beauti- 
ful circular  or  elliptic  epicycloidal  curves  are  revealed  by  the  persistence 
on  the  retina  of  the  reflection  of  a  fixed  light  from  the  glass  bead ;  and 
if  a  rectangular  wire  be  employed,  the  dimensions  of  which  are  such  that 
its  periods  of  vibration  in  two  planes  at  right  angles  to  each  other  are  in 
the  simple  harmonic  ratios  of  1 :  2,  2  :  3,  or  3  :  4,  the  curves  formed  respec- 
tively by  the  superposition  of  these  two  modes  of  >4bration  will  be  beauti- 
fuDy  exhibited.  Subsequently,  by  an  aptly  contrived  mechanism,  Wheat- 
stone  succeeded  in  obtaining  a  visual  combination  of  rectangular  vibra- 
tions in  any  given  ratio  to  each  other.  The  principle  of  tho  kaleidophone 
was  subsequently  applied  in  tho  construction  of  a  photometer.  In  this 
instrument  a  silvered  bead  is  made  to  describe  rapidly  a  narrow  ellipse, 
or  to  oscillate  in  a  straight  line  by  means  of  an  epicyclic  train  of  the 
simplest  construction;  the  relative  brightness  of  two  lines,  formed  by 
the  reflections  of  two  lights  to  be  compared,  may  be  very  readily  estimated. 

At  this  period  of  his  life  Acoustics  (doubtless  in  relation  to  his  busi- 
ness) engrossed  the  chief  part  of  Wheatstone's  attention.  He  was 
especially  interested  in  the  application  of  the  free  reed  to  musical  instru- 
ments ;  and  the  elegant  little  Symphonion,  which,  from  the  many  objections 
to  the  needless  employment  of  the  breath,  soon  gave  place  to  the  bellows 
of  the  Accordion,  offered  ample  evidence  of  the  success  of  his  labours  in 
this  direction.  In  the  construction  of  these  instruments,  the  admirable 
mode  of  fingering,  in  which  the  successive  notes  are  placed  in  double  rows 
alternately  on  opposite  sides  of  the  instrument,  so  that  consecutive  notes 
on  either  side,  which  may  be  touched  by  the  same  finger,  always  belong  to 
the  same  chord,  must  not  remain  unnoticed. 

In  1828  AVlieatstone  wrote  on  the  resonance  of  columns  of  air,  and  in 
1831  on  the  transmission  of  musical  sounds  through  rigid  linear  con- 
ductors, a  subject  which  was  subsequently  well  illustrated  at  the  Poly- 
technic Institution  by  the  transference  to  an  upper  room  of  music  played 
iu  the  basement.  In  the  same  year  he  contributed  to  the  British  Asso- 
ciation an  experimental  proof  of  Bemouilli's  tlicory  of  the  vibrations  of 
air  in  wind  instruments.  His  principal  contribution  to  Acoustics  is  a 
memoir  on  the  so-called  Chladni's  figures,  produced  by  Rtrev?vn^  ^\)itA  oxi 
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elastic  planes,  and  throwing  them  into  vibration  by  means  of  a  violin-bow 
drawn  across  the  edge ;  this  was  presented  to  the  Eojal  Society  in  1833, 
and  subsequently  published  in  their  Transactions,  and  is  probably  the 
most  remarkable  of  his  early  scientific  labours ;  for  he  showed  that,  in 
square  or  rectangular  plates,  every  figure  however  complicated  was  the 
resultant  of  two  or  more  sets  of  isochronous  parallel  vibrations ;  and  by 
means  of  some  simple  geometrical  relations  he  carried  out  the  principle 
of  the  "  superposition  of  small  motions  "  without  the  aid  of  any  profound 
mathematical  analysis,  and  succeeded  in  predicting  the  curves  that  given 
modes  of  vibration  should  produce. 

In  1834  Wheatstone  was  appointed  to  the  chair  of  Experimental  Physics 
at  King's  College,  London.  In  fulfilment  of  the  duties  of  his  oflioe  he 
delivered  a  course  of  eight  lectures  on  Sound  in  the  early  part  of  the  fol- 
lowing year ;  but  his  habitual  though  unreasonable  distrust  of  his  own 
powers  of  utterance  proved  to  be  an  invincible  obstacle,  and  he  soon  after- 
wards discontinued  his  lectures,  but  retained  the  professorship  for  many 
years.  Although  any  one  would  be  charmed  by  his  able  and  lucid  expo- 
sition of  any  scientific  fact  or  principle  in  private,  yet  his  attempt  to 
repeat  the  same  process  in  jpuhlic  invariably  proved  unsatisfactorjr.  An 
anecdote  may  here  be  mentioned  in  confirmation  of  this  his  peculiar  idio- 
syncracy.  Wheatstone  and  the  writer  of  this  memoir  were  for  several 
years  members  of  a  small  private  debating  society,  comprising  several 
familiar  names  in  science,  art,  or  literature,  that  met  periodically  at  one 
another's  houses  to  discuss  some  extemporized  si^bject,  and  every  member 
present  was  expected  to  speak :  Wheatstone  could  never  be  induced  to 
open  his  lips,  even  on  subjects  on  which  he  was  brimful  of  information. 
Several  of  his  more  important  investigations  were  for  the  same  reasons 
from  time  to  time  brought  before  the  public  by  Faraday  in  the  theatre 
of  the  Boyal  Institution. 

In  1835  Wheatstone  communicated  to  the  British  Association  a  paper 
"  On  the  Attempts  which  have  been  made  to  imitate  Human  Speech  by 
Mechanical  Means ; "  and  he  produced  a  much  improved  edition  of  De 
Kempelen's  speaking-machine ;  but  his  researches  in  this  direction  were 
not  long  continued,  and  have  since  been  far  surpassed  by  others. 

The  analogies  of  vibratory  motion  led  the  philosophic  mind  of  Wheat- 
stone from  the  subject  of  sound  to  that  of  light.  In  1838  he  communi- 
cated to  the  Royal  Society  an  account  of  some  remarkable  aid  hitherto 
unobserved  phenomena  of  binocular  vision,  with  a  description  of  the 
reflecting  stereoscope,  an  instrument  by  which  these  phenomena  were 
first  illustrated.  The  conception  that  the  idea  of  solidity  is  derived  from 
the  mental  combination  of  two  pictures  of  the  same  object  in  dissimilar 
perspective,  as  seen  by  the  two  eyes  respectively,  is  undoubtedly  and  solely 
due  to  Wheatstone.  In  demonstration  of  this  principle  he  drew  two 
outlines  of  the  same  geometrical  figure  or  other  object,  just  as  they  would 
be  seen  in  perspective  by  either  eye  respectively ;  and  these  outlines  were 
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80  placed  that  they  might  be  seen  each  by  one  eye,  but  visually  super- 
posed, either  by  reflection  or  by  refraction ;  this  he  effected  by  a  combi- 
nation of  lenses  either  with  plwie  reflectors  or  with  prisms.  All  that  is 
really  due  to  Brewster  in  relation  to  the  stereoscope  is  the  use  of  wedge- 
shaped  segments  of  larger  lenses,  in  which  the  lens  and  prism  of  Wheat- 
stone  are  combined ;  the  construction  now  universally  adopted,  and  popu- 
larized by  the  application  of  photography. 

In  1852  Wheatstone  presented  a  second  memoir  on  Binocular  Vision 
to  the  Boyal  Society,  in  which  he  produced  a  striking  confirmation  of  his 
fonner  views  by  the  invention  of  the  Pseudoscope,  an  instrument  in  which 
the  perspective  pictures  of  a  given  object  as  seen  by  the  two  eyes  respec- 
tively are  reversed  by  internal  reflection  from  the  bases  of  two  right- 
angled  prisms,  and  convex  objects  appear  to  be  concave,  or  vice  versd ; 
thus  a  globe  on  which  figures  are  traced  will  appear  to  be  concave,  and 
tiie  inside  of  a  painted  basin  or  saucer  to  be  convex,  or  the  object  as  it 
w^re  turned  inside  out. 

The  use  of  this  instrument  has  produced  some  curious  illustrations  of 
mental  phenomena :  with  most  persons  an  object,  of  which  the  convexity 
or  concavity  is  unknown,  will  at  once  appear  inverted ;  but  when  the  real 
form  is  known,  with  some  persons  experience  appears  to  overrule  visual 
perception,  and  they  cannot  succeed  in  seeing  the  inversion  of  the  object ; 
with  others  the  appearance  derived  from  previous  knowledge  persists  for 
a  shorter  or  longer  period,  and  then  suddenly  gives  way  to  the  visual 
impression,  and  the  object  appears  to  be  suddenly  turned  inside  out; 
while  with  others,  again,  the  change  is  more  or  less  gradual,  and  during 
the  period  of  transition  the  visual  impression  is  uncertain  and  indistinct. 
In  this  memoir  the  idea  of  the  mental  character  of  binocular  vision 
was  still  further  supported  by  experimental  evidence  that  the  apj>arent 
magnitude  of  objects  is  governed  by  the  relative  position  as  well  as  the 
size  of  the  visual  pictures.  In  fact  the  whole  of  these  investigations  may 
be  viewed  in  their  relation  to  mental  conditions ;  and  when  thus  regarded, 
they  possessed  a  higher  interest  than  that  which  arose  from  their  great 
value  as  contributions  to  physiological  optics. 

At  one  period,  indeed,  Wheatstone's  attention  was  for  a  time  directed 
to  problems  of  mental  philosophy,  and  especially  to  the  ^ito^i-mechanical 
solution  of  some  of  them,  which  was  hoped  for  by  the  followers  of  Gall 
and  SpuTiheim ;  he  was  an  active  member  of  the  London  Phrenological 
Society,  then  presided  over  by  Dr.  Elliotson ;  and  in  January  1832  he 
read  at  one  of  the  meetings  a  paper  on  Dreaming  and  Somnambulism, 
which  was  published  in  extenso  in  the  *  Lancet '  of  that  date.  This  paper 
is  remarkable,  like  all  his  writings,  for  the  extreme  clearness  with  which 
known  facts  are  stated,  and  the  deductions  based  upon  them. 

Amongst  Wheatstone's  many  ingenious  inventions  may  be  mentioned 
his  automatic  apparatus  for  recording  periodically  the  height  of  the  baro- 
meter, and  the  temperatures  of  the  dry-  and  wet-bulb  thermomfttftY^,  b^ 
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means  of  wires  descending  verticallj  in  the  open  tubes,  a  circuit  closed 
by  the  contact  of  the  wire  with  either  column  of  mercury  indicating  by 
electro-magnetic  action  the  moment  at  which  the  contact  takes  place, 
and  by  inference  the  position  of  the  point  of  contact.  Precisely  the  same 
principle,  with  minor  modifications.  Has  of  late  years  been  practically  ap- 
plied by  Padre  Secchi,  and  more  recently  by  M.  van  Rysselberghe. 

Another  is  the  electro-magnetic  counter,  by  which  the  number  of  any 
given  repeated  mechanical  actions  is  readily  and  certainly  recorded ;  and 
the  electric  chronoscope,  by  which  very  small  intervals  of  time  may  be 
determined  (as,  for  example,  in  estimating  the  velocity  of  projectiles), 
must  also  be  mentioned. 

Cryptography,  or  the  art  of  writing  in  ciphers,  is  indebted  to  him  for 
a  compendious  apparatus,  by  which  the  characters  representing  the  suc- 
cessive letters  of  the  written  communication  are  periodically  changed  by 
the  machine,  so  as  to  defy  the  ordinary  well-known  methods  of  decipher- 
ing. The  receiver,  possessing  a  machine  set  by  agreement  in  the  same 
manner  as  that  of  the  sender,  can  immediately  decipher  the  dispatch  by 
reversing  the  process  by  which  the  cipher  was  constructed. 

The  fact,  discovered  by  Brewster,  that  the  plane  of  polarization  of  the 
sky  is  always  90°  from  the  sun,  gave  rise  to  Wheatstone's  "  Polar  Clock," 
which  consists  of  a  double-image  prism  and  a  thin  plate  of  selenite  en- 
closed in  a  tube  placed  parallel  to  the  earth's  axis.  When  the  prism, 
which  carries  an  index  traversing  a  circular  arc  marked  with  the  hours, 
is  turned  round  until  no  colour  is  perceived,  the  index,  when  once  ad- 
justed, will  mark  the  hour  of  the  day ;  this  is  a  pleasing  philosophical 
toy,  but  of  little  practical  utility. 

The  name  of  Wheatstone  is  intimately  connected  with  the  earliest 
development  of  spectrum-analysis.  In  a  paper  on  "  The  Prismatic  Ana- 
lysis of  Electric  Light,"  read  before  the  Meeting  of  the  British  Associa- 
tion at  Dublin  in  1835,  he  announced  the  existence  of  bright  lines  in  the 
spectrum,  emitted  by  the  incandescent  vapour  of  metals  volatilized  by  tho 
heat  of  an  electric  discharge.  He  was  then  the  first  to  demonstrate  the 
fact  that  the  spectrum  of  the  electric  spark  from  different  metals  pre- 
sented respectively  more  or  less  numerous  rays  of  definite  refrangibility, 
producing  each  a  series  of  lines  differing  in  position  and  colour  from  each 
other,  and  that  thus  the  presence  of  a  very  minute  portion  of  any  given 
metal  might  be  determined.  "  We  have  here,"  he  adds,  **  a  mode  of  dis- 
criminating metallic  bodies  more  readily  than  that  of  chemical  examination, 
and  which  may  hereafter  be  employed  for  useful  purposes."  This  remark 
has  been  abundantly  verified  by  the  many  important  recent  investigations 
that  have  been  based  on  spectrum-analysis — such,  for  example,  as  the  dis- 
covery and  isolation  of  thallium  by  Mr.  Crookes. 

It  would  occupy  too  much  space  to  enumerate  all  Wheatstone's  inge- 
nious contrivances ;  but  his  most  important  contribution  to  the  wants  or 
conveniences  of  civilization,  the  practical  electric  telegraph,  must  now  be 
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conBidered.     On  this  point  it  has  been  justly  remarked  by  De  la  Eive* 
that  "  the  philosopher  who  was  the  first  to  contribute  by  his  labours,  as 
ingenious  as  they  were  perseTering,  in  giving  to  electric  telegraphy 
the  practical  character  that  it  now  possesses,  is  undoubtedly  Mr.  Wheat- 
stone."     He  has  no  more  claim  to  the  title  of  "  inventor  "  of  the  elec- 
tric telegraph  than  any  one  of  those  who  have  long  preceded  him  in  pro- 
posing unpractical  schemes  for  transmitting  signals  to  a  distant  station, 
first  by  franklinic,  and  subsequently  by  voltaic  electricity.    The  earliest 
of  these  appears  to  be  Stephen  Gray,  who  in  1727  suspended  by  silk 
threads  a  ^\•ire  700  feet  long ;  and  on  applying  an  excitod  glass  tube  to 
one  end  of  the  wire  electrification  was  obsened  by  an  assistant  to  occur 
at  the  other  end.     Similar  experiments  were  made  by  Dufay  a  few  years 
subsequently,  and  by  Winckler  of  Leipsic,  by  Lemonnier  of  Paris  in 
1746,  and  by  Dr.  Watson,  Bishop  of  Llandaff,  in  1747,  one  of  whose  ex- 
periments had  a  remarkable  (but  then  unnoticed)  bearing  on  electro-txjlo- 
graphy,  namely,  the  employment  of  the  earth  to  conduct  the  return  cur- 
rent: he  stretched  a  wire  across  the  Thames,  one  end  of  which  was 
attached  to  the  exterior  coating  of  a  Leyden  jar,  while  the  interior  coat- 
ing was  connected  to  earth  through  the  body  of  the  experimenter,  and 
the  other  end  was  held  by  an  assistant,  who  grasped  an  iron  rod ;  the 
moment  the  latter  dipped  the  rod  in  the  river  both  felt  a  shock.     He  sub- 
sequently experimented  on  much  longer  circuits,  one  of  which  was  1 0,600 
feet  in  length,  suspended  from  wooden  poles  erected  on  Shooter's  Hill. 
Franklin  made  similar  experiments  across  the  SchuykiU  at  Philadelphia 
in  1748,  and  De  Luc  about  the  same  time  across  the  Lake  of  Geneva. 

The  earliest  definite  scheme  for  the  employment  of  franklinic  electri- 
city for  tel^raphic  purposes  was  propounded  by  "  C.  M.,''  an  anonymous 
writer  in  the  *  Scot's  Magazine '  for  1753 ;  this  required  a  separate  insu- 
lated conductor  for  each  letter ;  and  a  very  similar  idea  was  subsequently 
carried  out  at  Geneva  by  Lesage  in  1774.  Lomond  was  the  first  to  pro- 
pose in  1787  the  transmission  of  various  signals  through  a  single  Hue- 
wire  ;  this  he  effected  by  the  varied  movement  of  the  pith  balls  of  a  deli- 
cate electroscope ;  and  Cavallo  in  1795  proposed  to  effect  the  same  object 
by  varied  combinations  of  sparks  and  pauses.  In  1816  Francis  Eonalds 
proposed  the  hopeless  scheme  of  employing  two  perfectly  isochronous 
clocks  to  indicate  continuously  the  same  letters  or  numerals  at  the  Uvo 
stations,  the  signal  intended  being  indicated  by  simultaneous  sparks  at 
both.  This  telegraph  was  offered  to  the  Government  by  the  inventor,  who 
received  an  official  reply  from  the  then  Secretary  of  the  Admiralty,  that 
"  telegraphs  of  any  kind  are  now  wholly  useless,  and  no  other  than  the 
one  now  in  use  will  be  adopted  " — a  conspicuous  example  of  the  slow 
progress  proverbially  due  to  the  inertia  of  great  bodies. 

The  first  proposal  to  employ  voltaic  electricity  for  telegraphic  puqwses 
appears  to  have  been  made  by  S.  T.  Sommering,  a  surgeon,  to  the  Aca- 
♦  *Treatiae  on  Electricity,'  pt.  vii.  eh.  1. 
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demy  of  Sciences  at  Munich  in  1808 ;  this  involved  a  separate  insulated 
conductor  for  each  letter  and  numeral,  any  two  of  which  might  be  indi- 
cated by  a  small  evolution  of  gas  from  two  corresponding  gold  points 
immersed  in  a  common  fluid.  A  very  similar  system  was  suggested  by 
Prof.  Coxe  of  Philadelphia  in  1810,  who  proposed  to  indicate  the  signals 
by  the  decomposition  of  some  metallic  salt.  Prof.  Schweigger  of  Itlan- 
gen  proposed  to  reduce  the  number  of  conductors  in  Sommering's  tele- 
graph  to  two,  and  to  employ  an  electric  pistol  to  call  attention  at  the 
receiving  station. 

In  relation  to  the  dawn  of  practical  electro-telegraphy,  the  names  of 
Proment  in  France,  of  Gauss,  Weber,  and  Steinheil  in  Germany,  and  of 
Morse  in  America,  will  immediately  suggest  themselves,  but  to  Charles 
Wheatstone  is  undoubtedly  due  the  merit  of  having  been  the  first  to 
render  the  electric  telegraph  practically  available.  1ji  1834,  the  year  of 
his  appointment  to  the  Professorship,  he  devised  an  experiment  which  at 
once  attracted  the  attention  of  scientific  minds  throughout  Europe,  and 
ultimately  had  a  large  influence  in  determining  the  direction  of  his  future 
labours.  His  object  was  to  ascertain  the  rate  at  which  an  electric  wave 
travels  through  a  metallic  conductor.  For  this  purpose  about  half  a  mile 
of  copper  wire  was  insulated  by  suspension  in  the  vaults  under  King's  Col- 
lege ;  and  three  interruptions  of  this  circuit  were  made  by  three  pairs  of 
small  brass  knobs,  with  a  small  interval  between  them,  placed  in  a 
horizontal  line  at  a  few  inches  distance  from  each  other,  one  being 
near  each  end  of  the  conductor,  and  the  other  one  at  its  middle  point. 
It  was  presumable  that  the  positive  and  negative  terminal  sparks  pro- 
duced by  the  discharge  of  a  Leyden  jar  through  the  insulated  wire  would 
be  absolutely  simultfwieous,  but  if  any  perceptible  time  were  occupied  by 
the  passage  of  the  wave,  the  middle  spark  would  occur  later  than  the 
terminal  ones.  To  determine  this  a  small  plane  mirror  mounted  on  an 
axis  parallel  to  the  line  of  sparks  was  made  to  revolve  with  great  rapidity 
by  a  train  of  clockwork.  If  any  sensible  angle  were  described  by  the 
mirror  during  the  passage  of  the  wave,  the  middle  spark  would  be  seen 
either  above  or  below  the  line  joining  the  other  two,  according  to  the 
direction  of  rotation  of  the  mirror.  This  in  fact  proved  to  be  the  case  ; 
and  from  the  estimated  amount  of  displacement  and  rate  of  rotation,  the 
velocity  of  transmission  was  inferred  to  be  over  250,000  miles  in  one 
second ;  but  from  the  nature  of  the  observation  the  limits  of  error  are 
necessarily  very  wide.  This  experiment  was  subsequently  repeated  with 
an  extended  circuit  of  nearly  four  miles,  which  was  further  utilized  in  the 
transmission  of  electric  signals  by  the  deflections  of  a  galvanometer- 
needle. 

In  1836  Mr.  W.  F.  Cooke  having  been  struck,  during  a  visit  to 
Germany,  by  the  applicability  of  an  electric  telegraph  devised  by 
Baron  Schilling  to  practical  and  especially  to  railway  purposes,  brought 
back  with  him  on  his  return  to  London  a  working  model  of  Schilling's 
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apparahiB,  to  which  he  directed  the  attention  of  Faraday  and  of  the  then 
Secretary  of  the  Boyal  Society,  Dr.  Eoget,  by  whom  he  was  informed 
that  Wheatstone  had  been  for  some  time  engaged  in  analogous  inyesti- 
gations.  An  introduction  followed,  and  shortly  afterwards  Wheatstone 
entered  into  partnership  with  Mr.  Cooke,  and  a  patent  for  a  five-needle 
tel^raph  (which  from  the  number  of  insulated  conductors  was  deemed 
too  expensive  for  general  use),  and  subsequently  another  patent  for  the 
two-needle  tel^raph,  the  first  that  came  into  general  use,  were  taken 
out  in  their  joint  names. 

To  Mr.  (now  Sir  W.  F.)  Cooke  much  credit  is  undoubtedly  due  for 
the  tact  and  ability  he  evinced  in  directing  public  attention  to  the  impor- 
tance of  the  electric  telegraph,  and  in  conducting  the  joint  enterprise  to 
a  most  successful  commercial  issue ;  but  to  Wheatstone  alone  must  be 
ascribed  the  inventive  genius  and  fertility  of  scientific  resource  which  led 
to  the  many  successive  developments  of  the  electric  telegraph — the  letter- 
showing  dial  telegraph  in  1840,  the  type-printing  telegraph  in  1841,  the 
magneto-electric  dial  tel^;raph,  a  subsequent  extension  of  the  same  to 
type-embossing,  and  lastly  the  automatic  telegraph,  by  which  messages 
are  transmitted  with  such  unprecedented  rapidity.  It  must  also  be  borne 
in  mind  that  the  idea  of  subaqueous  telegraphy  was  first  developed  by 
Wheatstone.  It  appears  from  his  manuscripts  that  in  1837  he  devoted 
a  good  deal  of  time  and  attention  to  this  subject ;  and  in  the  Bulletin  de 
TAcademie  Boyale  de  Bruxelles  for  October  7,  1840,  in  a  notice  by  Prof. 
Quetelet  of  his  telegraph  instruments,  it  is  remarked : — "  On  sera  sans 
doute  charm^  d'apprendre  que  Tauteur  a  trouvd  le  moyen  de  transmettre 
les  signaux  entre  T Angleterre  et  la  Belgique,  malgrd  Tobstacle  de  la  mer." 
But  it  appears  that  his  first  practical  essays  at  submarine  telegraphy  were 
made  in  the  autumn  of  1844  in  Swansea  Bay,  with  the  assistance  of  Mr. 
J.  D.  Llewellyn. 

More  recently  the  Society  of  Arts,  in  tendering  precisely  the  same  award 
for  public  services  to  the  two  former  partners,  failed  to  discriminate  be- 
tween very  successful  commercial  tact  and  ability,  and  both  inventive  and 
constructive  genius  of  an  exceptionally  high  order ;  under  these  circum- 
stances it  is  not  surprising  that  Wheatstone  should  have  declined  the 
proffered  distinction,  considering  that  he  could  present  no  claim  to  that 
commercial  merit  which  it  must  be,  from  its  title,  the  special  function  of 
that  Society  to  foster.  But  scientific  honours  were  profusely  bestowed 
on  the  great  physicist ;  he  was  elected  a  Fellow  of  the  Eoyal  Society  in 
1836,  a  Chevalier  of  ihe  Legion  of  Honour  in  1855,  and  a  foreign 
Associate  of  the  Academy  of  Sciences  of  France  in  1873  ;  he  moreover 
possessed  thirty-four  distinctions  or  diplomas  conferred  upon  him  by 
various  governments,  universities,  and  learned  societies,  of  which  eight 
are  German,  six  French,  five  English,  three  Swiss,  two  Scotch,  two 
Italian,  two  American,  and  of  Irish,  Belgian,  Eussian,  Swedish,  Dutch, 
and  Brazilian  each  one.    In  1868  the  Government  of  Lord  Derby  con- 
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ferred  on  him  the  honour  of  knighthood,  an  honour  so  variously  bestowed 
that  it  can  only  be  viewed  as  a  bare  recognition  of  scientific  labours 
which  have  rarely  been  equalled  in  their  extent,  their  variety,  and  their 
fruitfulness. 

Charles  Wheatstone  was  not  less  conspicuous  for  his  sagacity  in  per- 
ceiving the  practical  bearings  of  ascertained  scientific  principles,  than  for 
his  ingenuity  in  devising  suitable  mechanical  means  for  their  application 
to  useful  purposes.  He  was  one  of  the  first,  if  not  the  very  first,  in  this 
country,  to  appreciate  the  importance  of  Ohm's  beautiful  and  simple  law 
of  the  relation  between  electromotive  force,  resistance  of  conductors,  and 
resulting  current ;  he  thence  rightly  inferred  that  in  establishing  electric 
intercommunication  between  two  distant  stations  by  means  of  the  deflec- 
tions of  a  galvanometer-needle,  or  the  attraction  of  an  iron  keeper  by  an 
electromagnet,  the  coil  of  which  is  actuated  by  a  current  sent  from  the 
other  station,  the  resistance  of  the  coil  must  necessarily  be  small  compared 
with  that  of  the  intervening  conductor,  and  hence  that  a  coil  of  much 
larger  resistance  than  was  at  first  contemplated  might  be  beneficially  em- 
ployed :  Ohm's  law  in  fact  affords  the  means  of  determining  in  any  given 
circuit  the  quality  of  coil  by  which  the  largest  amount  of  dynamic  energy 
may  be  imparted  to  the  moving  mechanism. 

Very  early  in  his  electrical  researches  Wheatstone  perceived  the  necessity 
of  some  more  accurate  means  of  measuring  resistances  and  the  strength 
of  currents  than  even  the  most  sensitive  tangent-galvanometer  presented ; 
it  occurred  to  him  that  small  differences  between  two  currents  might 
be  much  more  accurately  determined  by  sending  them  in  opposite  directions 
through  the  coil  of  a  sensitive  sine-galvanometer,  the  needle  of  which 
will  then  be  affected  only  by  their  difference,  than  by  estimating  the  small 
differences  of  displacement  of  the  needle  due  to  small  diferences  in  a 
single  current.  Accordingly  he  devised  the  well-known  "  Bridge,"  which 
has  been,  and  must  ever  continue  to  be,  the  basis  of  all  accurate  quanti- 
tative determinations  in  electricity.  In  this  instrument  the  two  por- 
tions of  a  divided  current  are  conducted  in  opposite  directions  through 
the  galvanometer-coil  and  again  reunited ;  and  the  resistance  sought  is 
interposed  in  one  circuit,  and  "  balanced  "  by  known  resistance  interposed 
in  the  other  circuit  until  the  needle  is  brought  to  zero.  The  form  of 
this  instrument  has  varied  considerably  from  that  originally  proposed, 
but  the  principle  is  precisely  the  same. 

As  necessary  adjuncts  to  this  instrument,  Wheatstone  proposed  as  a 
unit  of  resistance  one  foot  in  length  of  soft  pure  copper  wire,  weighing 
100  grains,  and  constructed  a  series  of  "  resistance-coils,"  each  coil  con- 
taining some  decimal  multiple  of  the  proposed  unit ;  he  also  devised  the 
"  rheostat,"  consisting  of  a  fine  wire  wound  in  the  thread  of  a  screw  cut 
on  the  surface  of  a  cylinder  of  non-conducting  material,  any  portion  of 
which  wire  may  be  put  into  or  taken  out  of  the  circuit  by  merely  turning 
the  cylinder  on  its  axis  by  a  handle.    But  several  circumstances  rendered 
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Wheatstone's  proposed  unit  unavailable,  viz.  the  difficulty  of  maintaining 
unifonuity  in  the  size  and  quality  of  the  wire,  the  variation  of  resistance 
produced  by  any  molecular  disturbance,  such  as  change  of  temperature, 
stretching  or  bending,  and  the  instability  of  resistance,  even  when  the 
wire  is  protected  from  mechanical  disturbance ;  and  the  British  Associa- 
tion unit  is  now  generally  adopted. 

Wheatstone  was  the  first  to  appreciate  the  importance  of  reducing  to 
A  minimum  the*amount  of  work  to  be  done  by  the  current  at  the  receiv- 
ing station,  by  diminishing  as  far  as  practicable  the  mass  and  therefore 
the  inertia  of  the  moving  parts ;  this  was  beautifully  exemplified  in  that 
marvel  of  ingenuity  the  magneto-electric  letter-showing  telegraph,  now 
generally  adopted  for  private  tel^raphic  communication,  in  wliich  the 
wheel  attached  to  the  index  is  as  delicate  as  the  scape-wheel  of  a  small 
Geneva  watch.  And  there  are  one  or  two  more  points  of  construction  in 
this  admirable  instrument  which,  as  exemplars  of  the  mind  of  the  inven- 
tor, should  not  escape  notice.  Faraday  had  discovered  that  if  a  soft  iron 
keeper  furnished  with  armatures  revolve  in  front  of  the  poles  of  a  per- 
manent magnet,  instantaneous  currents  in  opposite  directions  are  deve- 
loped as  the  revolving  keeper  approaches  to  and  recedes  from  the  position 
of  maximum  induction ;  accordingly  Wheatstone  placed  four  fixed  arma- 
tures coiled  alternately  in  opposite  directions  in  front  of  the  poles  of  a  small 
but  powerful  permanent  magnet,  and  made  the  keeper  alone  to  rotate  in 
close  proximity  to  the  iron  cores  of  the  armatures ;  as  therefore  the 
extra  currents  induced  by  the  keeper  in  receding  from  one  and  approacli- 
ing  the  other  pair  of  armatures  coincide  in  direction  and  reinforce  each 
other,  four  equal  currents,  alternately  positive  and  negative,  will  be  de- 
veloped by  each  revolution  of  the  iron  keeper;  and  these,  by  causing  a 
pair  of  magnetic  needles,  moving  on  an  axis  passing  through  their  common 
centre  of  gravity,  to  oscillate  between  a  pair  of  small  electro-magnets,  ac- 
tuate the  index  of  the  receiving  instrument. 

Another  peculiarly  happy  and  simple  contrivance  in  this  apparatus 
must  also  be  mentioned.  The  letters  of  the  alphabet  surround  the  trans- 
mi  tting-dial  ;  and  opposite  each  of  these  is  a  stud  at  the  end  of  a  radial 
lever,  the  depression  of  which  closes  a  short  circuit,  which  intercepts  all 
currents  when  the  index  arrives  at  the  corresponding  letter,  and  the  in- 
dicator of  the  receiving  instrument  consequently  stops  at  the  same  letter, 
it  having  been  first  ascertained  that  they  start  in  unison.  It  then  became 
necessary  that  the  depression  of  any  other  lever  should  raise  the  one  pre- 
viously depressed ;  and  for  this  purpose  some  very  complicated  arrange- 
ments of  interacting  levers  were  first  devised,  but  the  plan  adopted  is 
remarkable  for  its  simplicity :  a  circular  endless  chain  lies  in  a  groove 
beneath  all  the  levers,  in  which  there  is  just  "  slack"  enough  to  allow  of 
the  depression  of  one  lever ;  consequently  the  depression  of  any  other  pulls 
up  the  former,  and  opens  the  short  circuit  previously  closed. 

The  catalogue  of  Wheatstone's  valuable  labours  is  still  far  from  being 
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exhausted ;  but  it  must  now  suffice  only  to  mention  some  of  his  unpub- 
lished and  incomplete  researches,  of  which  many  exist,  and  will  be,  it  is 
hoped,  by  some  means  made  public.  At  the  early  part  of  his  career,  when 
his  thoughts  were  mainly  directed  to  Acoustics,  he  endeavoured  to  inves- 
tigate the  causes  of  the  differences  of  "  timbre  "  or  quality  of  tone  in  dif- 
ferent musical  instruments,  presuming  it  to  depend  on  the  nature  of 
superposed  secondary  vibrations,  and  of  the  material  by  which  they  are 
affected.  This  the  writer  has  frequently,  but  in  vain,  urged  him  to  com- 
plete and  publish ;  but  such  was  the  fecundity  of  his  imagination  that  he 
would  frequently  work  steadily  for  a  time  at  a  given  subject,  and  then 
entirely  put  it  aside  in  pursuit,  it  may  be,  of  some  more  important  or 
more  practical  idea  that  had  presented  itself  to  his  mind.  A  short  treatise 
is  in  existence  on  the  capabilities  of  his  well-known  wave-machine,  in 
which  rows  of  white  balls,  mounted  on  rods,  are  actuated  in  two  directions 
perpendicular  to  each  other  by  guides  or  templets  with  suitable  curved 
outlines ;  by  means  of  this  machine  many  combinations  of  plane  and 
helical  waves  may  be  demonstrated,  and  especially  those  related  to  the 
theory  of  polarized  light. 

In  furtherance  of  this  subject  he  devised  a  new  form  or  mode  of  geo- 
metrical analysis,  to  which  he  gave  the  title  of  Bifarial  Algebra,  in  which 
both  the  magnitude  and  the  relative  position  of  lines  on  a  plane  sur&ce 
are  designed  to  be  represented  by  the  introduction  of  two  new  symbols  to 
represent  positive  and  negative  perpendicular  directions.  The  same  prin- 
ciple has  also  been  extended  to  three  dimensions,  with  a  further  proposi^ 
of  new  symbols,  under  the  name  of  Trifarial  Algebra.  On  this  subject 
a  brief  treatise  exists  in  manuscript. 

Amongst  the  subjects  of  his  more  recent  but  still  incomplete  in- 
vestigations in  Light  and  Electricity  the  following  may  be  men- 
tioned : — 

Colours  of  transparent  and  opaque  bodies. 

Colours  obtained  by  transmission  and  reflection. 

Absorption-bands  in  coloured  liquids. 

Spectroscopic  examination  of  light  reflected  from  opaque  and 

dichroic  bodies. 
Electromotive  forces  of  various  combinations. 
Inductive  capacities  of  various  bodies. 
Experiments  on  electro-capillarity. 
Telegraph  construction. 
Construction  of  relays. 

Such  of  these  as  may  be  found  sufficiently  advanced  to  be  of  any  scien- 
tific value  will  probably  be  made  public  in  a  collective  form. 

Charles  Wheatstone  was  married  on  the  12th  of  February,  1847,  and  had 
a  &mily  of  five  children,  who  survive  him,  Mrs.  Wheatstone  having  de- 
ceased many  years,  He  died  in  Paris  on  the  19th  of  October,  1875,  whence 


Digiti 


zed  by  Google 


xxvu 

his  remains  were  removed  to  ids  residence  in  Park  Crescent,  and  were 
followed  to  their  last  resting-place  in  the  cemetery  at  Kensal  Green  by 
a  numerous  assemblage  of  attached  friends,  with  some  of  whom  he  had 
maintained  an  uninterrupted  intimacy  from  his  early  manhood,  and  by 
several  leading  members  of  the  scientific  world,  who  felt  it  due  to  his  great 
merit  to  pay  this  last  tribute  of  regard  to  his  memory. 

This  memoir  cannot  be  more  suitably  concluded  than  by  the  expressions 
of  M.  Dumas,  perpetual  Secretary  of  the  French  Academy  of  Sciences, 
uttered  on  the  occasion  of  the  removal  of  the  remains  from  Paris : — 

"  To  render  to  genius  the  homage  which  is  its  due,  without  regard  to 
country  or  origin,  is  to  honour  one's  self.  The  Paris  Academy  of  Sciences, 
always  sympathizing  with  English  science,  did  not  hesitate,  during  the 
troubled  time  of  the  wars  of  the  Empire,  to  decree  a  *  grand  prix '  to  Sir 
Humphry  Davy.  Now  in  a  time  of  peace  it  comes  to  fulfil  with  grief 
a  duty  of  affection  to  one  of  his  noblest  successors,  by  gathering  round 
his  coffin  to  offer  him  a  last  homage.  A  foreign  Associate  of  the  Aca- 
demy of  Sciences,  exercising  by  a  rare  privilege  in  virtue  of  that  title  all  the 
rights  of  its  members  during  his  life,  we  are  bound  to  render  to  his  mortal 
remains  the  same  tribute  which  we  render  to  fellow-countrymen  who  are 
our  colleagues.  The  memory  of  Sir  C.  Wheatstone  will  live  among  us 
not  only  for  his  discoveries  and  for  the  methods  of  investigation  with 
which  he  has  endowed  science,  but  also  by  the  recollection  of  his  rare 
qualities  of  heart,  the  uprightness  of  his  character,  and  the  agreeable 
charm  of  his  personal  demeanour.  The  friends  that  he  has  left  among 
us,  unable  to  avert  destiny,  hope  that  they  were  at  least  able  to  soothe 
the  last  hours  of  his  life— of  that  life  which,  alas  I  was  closed  away  from 
his  beloved  home,  from  that  family  circle  the  sweet  recollection  of  which 
animated  his  last  hours,  and  to  which  the  eye  of  the  dying  one  turned 
once  more,  before  his  soul,  quitting  its  earthly  tenement,  took  its  flight 
to  a  better  world.'' 

Justus  Liebio  was  bom  at  Darmstadt  on  the  Idth  of  May,  1803. 
He  went  to  school  at  the  Gymnasium  of  that  town.  His  father  was  a 
dealer  in  drugs  and  colours.  Experiments  in  the  production  of  colours 
and  chemical  products  undeHaken  by  his  father  early  excited  in  the 
youthful  Liebig  a  fondness  for  chemistry,  which  was  further  developed 
by  the  study  of  the  chemical  works  in  the  Darmstadt  Library.  It  is 
stated  that  in  the  fourteenth  year  of  his  age  there  was  not  a  volume  of 
achemical  journal  in  this  large  library  that  hehad  not  read  through,  and  that 
there  was  no  chemical  experiment  which  he  had  not  repeated  when  his 
means  permitted.  The  ease  with  which  he  obtained  all  that  was 
requisite  for  experimenting  procured  for  him  early  great  dexterity  in 
the  art  of  analysis. 

His  was  one  of  those  fortunate  natures  which  early  becomes  conscious 
of  its  power,  and  he  soon  made  up  his  mind  to  be  a  chemist.    His  father 
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yielded  to  his  wish  to  devote  himself  wholly  to  chemistry ;  and  laebig 
took  the  only  means  then  available  of  cultivating  the  science  and  placed  him- 
self under  the  tuition  of  a  druggist  at  Heppenheim.  lie  remained  there, 
however,  for  only  ten  months.  His  taste  for  analysis  found  there  no 
scope,  and  at  last  an  explosion  of  fulminating  silver  in  the  house  of  his 
master  suddenly  terminated  his  pharmaceutic  career.  He  then  returned 
to  Darmstadt,  where  he  passed  half  a  year  in  further  study.  At  the  age 
of  eighteen  we  find  him  at  the  University  of  Bonn,  and  he  afterwards 
studied  at  Erlangen,  where  he  took  a  degree,  and  where  he  published 
his  first  chemical  paper  in  1822. 

This  paper  first  appeared  in  Biichner's  *  Bepertorium  f iir  die  Phar- 
macie,'  Band  xii.,  under  the  title  "  Ueber  die  Bereitung  imd  Zusam- 
mensetzung  des  Brugnatellischen  und  Howard'schen  Knallsilbers,  von 
Herm  Liebig,  der  Chemie  Beflissenen  aus  Darmstadt."  Prof.  Kastner 
accompanies  this  paper  with  the  following  notice : — "  The  readers  must 
receive  with  indulgence  this  first  attempt  of  a  young  chemist.  The 
author  has  already  studied  chemistry  zealously  in  Bonn,  and  has  pursued 
his  studies  here  in  Erlangen  in  the  same  spirit." 

Liebig  had  felt  while  at  Erlangen  the  necessity  of  going  to  Paris  to 
complete  his  education ;  and  he  was  fortunate  enough  to  obtain  from  the 
Grand  Duke  of  Darmstadt  a  travelling  stipend  for  that  object.  In  1823 
wo  find  him  in  Paris.  It  was  his  earnest  wish  to  be  admitted  to  Gay- 
Lussac's  Laboratory ;  this,  however,  could  not  be,  as  (^y-Lussac  at  that 
time  admitted  no  young  people.  He  succeeded,  however,  in  entering 
Thonard's  Laboratory,  and  there  he  resumed  his  investigation  of  fulmi- 
ftting  silver. 

^Tj^gj^jTch  brought  him  to  the  meeting  of  the  French  Academy  of 
Sciences  in  July^^^S^^^^^  ^^  ^  ^^""  an  era  in  Liebig's  life.  He 
read  a  paper  "  On  aT^iifii^tical  Examination  of  Howard's  Fuhninating 
Silver  and  Mercury  Compoun?feil  At  the  conclusion  of  the  meeting,  as 
he  was  engaged  in  packing  up  fiJL  preparations,  a  Member  of  the 
Academy  came  forward  and  entered  intoconversation  with  him.  With 
the  most  captivating  friendliness  the  straager  made  inquiries  about 
liebig's  studies  and  other  occupations  and  ptjis,  and  invited  him  to 
dinner  at  the  Palais  Boyal.  They  separated  ^thout  Liebig  having 
had  courage  to  inquire  who  the  stranger  was.  It  was  Alexander 
von  Humboldt,  who  had  returned  to  Paris  the  da^  before  from  Italy 
after  a  long  absence.  Humboldt  now  recommended  h.  young  country- 
man,  who  had  so  quickly  and  completely  won  hb  heaf,  to  his  friend 
Gay-Lussac,  for  Humboldt  knew  too  well  from  his  own^xperience  the 
value  of  working  under  Gay-Lussac. 

The  time  which  Liebig  spent  with  Gay-Lussac  is  indisutably  the 
most  interesting  part  of  his  student  life.  We  may  imagine  U  pleasure 
these  two  men  must  have  had  in  then-  intercourse  :  the  one  4  years  of 
age  and  at  the  summit  of  his  fame,  the  other  scarce  20  years  oh  but  full 
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oE  piomiae  of  future  greatness.  It  is  related  by  Liebig  that  when  they 
bid  accomplished  some  difficult  work,  such,  for  instance,  as  satisfac- 
torily finishing  a  difficult  analysis,  Guy-Lussac  would  often  take  him 
hy  tiie  hand  dXkA  the  two  would  dance  together  around  the  laboratory 
table. 

The  result  of  Liebig's  study  under  Gay-Lussac  was  that  the  latter 
recommended  the  youth  so  strongly  to  the  Grand  Duke  Ludwig,  that 
the  Grand  Duke  on  his  own  responsibility  appointed  him  Professor 
Extraordinaiy  of  Chemistry  at  the  University  of  Giessen.  It  will  easily 
be  understood  that  Liebig  was  regarded  with  jealousy  by  the  majority 
of  his  elder  colleagues,  and  found  but  little  support  and  sympathy  in  his 
endeaTOurs  for  the  reform  of  chemical  instruction. 

Liebig,  however,  was  able  to  overcome  all  obstacles.  Two  years  after- 
wards he  was  promoted  to  the  Professorship  of  Chemistry.  He  made 
every  arrangement  within  his  power,  even  at  his  own  personal  expense 
and  risk,  for  his  own  and  his  students'  work.  His  reputation  rapidly 
increased ;  and  when  it  had  at  last  spread  to  such  an  extent  that  young 
diemists  came  from  all  parts  of  Europe  to  work  under  him,  the  State  at 
length  resolved  to  build  him  a  large  Chemical  Laboratory  outside  of 
Giessen. 

Liebig's  scientific  activity  may  be  divided  into  two  periods,  the  first 
from  1824  to  about  1839,  which  was  specially  devoted  to  pure  Chemistry, 
and  the  second  from  1840,  when  his  labours  in  the  department  of 
Applied  Chemistry  began  to  be  prominent. 

There  is  scarcely  a  branch  of  chemistry  into  which  Liebig's  activity 
did  not  extend.  Perhaps  no  other  chemist  excepting  Berzelius  had 
accomplished  so  many  difficult  investigations.  The  *Annalen  der  Chemie 
and  Pharmacie,'  which  he  edited  conjointly  with  others,  contain  more 
than  200  papers  on  various  branches  of  pure  and  applied  chemistry. 

Great  as  were  Liebig's  services  in  all  branches  of  the  science,  that  of 
Organic  Chemistry  is  chiefly  indebted  to  him,  and  he  is  accordingly 
called  the  founder  of  Organic  Chemistry.  There  may  be  a  difference  of 
opinion  as  to  how  far  its  foundation  was  already  laid,  but  it  cannot  be 
denied  that  Liebig  contributed  more  than  any  other  chemist  of  his  time 
to  the  edifice. 

The  so-called  organic  substances  originating  in  plants  and  animals 
had,  at  the  period  when  Liebig  entered  on  his  scientific  career,  been 
already  the  subject  of  many  chemical  researches,  and  it  was  already 
known  that  all,  unlimited  as  they  are  in  number,  contained  carbon 
combined  with  hydrogen,  and  sometimes  oxygen  or  nitrogen  in  regular 
proportions  ;  but  just  as  it  was  supposed  that  they  owed  their  origin  to 
other  than  chemical  forces,  it  was  imagined  that  their  relation  to  each 
other  was  something  quite  different  from  that  subsisting  between  inor- 
ganic mineral  substances. 

But  Liebig  soon  came  to  the  distinct  conviction  that  even  if  there 
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were  a  generic  difference  between  organic  and  inorganic  substances,  no 
chemical  difference  could  be  assumed.  He  was  convinced  that  th^re 
could  be  only  one  chemistry,  and  took  upon  himself  the  task  of  effecting 
a  scientific  connexion  between  the  two  branches.  His  investigation  of 
fulminic  acid  had  already  carried  him  in  this  direction.  He  and  Gay- 
Lussac  had  found  it  to  be  a  compound  of  carbon,  nitrogen,  and  oxygen, 
and  he  then  discovered  the  corresponding  compound  of  cyanogen  with 
sulphur,  and  investigated  melam  and  its  other  products  of  decomposi- 
tion. 

After  Graham  had  established  the  tribasic  character  of  the  common 
phosphates,  Liebig  showed  that  some  organic  salts  had  a  similar  consti- 
tution. But  peculiar  difficulty  was  presented  by  the  constitution  of 
certain  neutral  organic  substances,  such  as  alcohol,  ether,  essential  oils, 
&c.  Liebig  endeavoured  to  get  a  key  to  their  constitution  by  investi- 
gating the  action  of  simple  materials  upon  them,  such  as  chlorine  and 
bromine,  &c.,  and  often  led  his  students  into  this  line  of  work. 

In  this  way  a  great  number  of  the  most  remarkable  ^bstances  were 
discovered,  some  of  which  in  future  years  were  of  practical  use,  though 
the  object  of  the  investigator  was  purely  scientific.  Thus  Liebig  dis- 
covered chloral  long  before  Liebreich  discovered  its  medicinal  qualities. 

These  labours  of  Liebig  appeared  at  first  to  the  masses  as  a  useless 
toying  with  chemistry,  and  were  often  laughed  at.  To  this  the  very 
unusual  names  selected  may  possibly  have  contributed :  as  an  instance 
we  may  mention  the  following : — When  he  found  out  the  composition 
of  a  to  him  most  important  compound,  which  he  looked  upon  as  alcohol 
which  had  parted  with  some  of  its  hydrogen,  he  named  the  new  sub- 
stance Aldehyde,  an  abbreviation  of  alcohol  dehydrogenisatus.  This 
strangely  sounding  word  excited  the  astonishment  or  even  the  derision 
of  those  who  had  been  accustomed  to  hear  new  mineral  substances 
named  either  after  the  places  where  they  had  been  discovered  or  after 
their  inventors,  or  after  distinguished  or  influential  persons,  or  to  hear 
people  speak  of  Scheele's  and  Schweinfurt  green  or  Berlin  blue, 

Eor  Liebig  the  chief  difference  between  organic  and  inorganic  sub- 
stances was  that  the  former  contain  compound  radicals,  whereas  the 
latter  are  similarly  built  up  of  elements.  A  joint  research  of  Liebig  and 
Wohler  on  the  subject  of  compound  radicals  was  fruitful  of  important 
results.  They  examined  oil  of  bitter  almonds  and  benzoic  acid,  and 
discovered  the  radical  benzoyl,  a  group  of  three  elements,  which  was 
capable  of  combining  like  an  element  with  chlorine,  hydrc^n,  &c. 

Berzelius  was  greatly  interested  in  this  discovery,  and  declared  that  it 
was  the  dawn  of  a  new  day  in  Vegetable  Chemistry.  He  went  so 
far  as  to  say  that  he  would  like  to  see  the  first  radical  discovered, 
which  consisted  of  more  than  two  simple  substances,  named  Proin  or 
Orthrin. 

No  man  is  infallible ;  and  Liebig,  of  course,  made  occasional  mistakes. 
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It  is  Mid  by  Dr.  Pettenkofer  that  if  he  thought  a  substance  was  this  or 
that,  or  contained  some  particular  body,  he  would  frequently  ask  a  student, 
in  whom  he  had  confidence,  to  examine  the  substance.  If  the  student  failed 
to  find  at  once  what  Liebig  expected,  his  confidence  in  the  skill  of  the 
rtadent  always  fell  much  more  quickly  than  his  confidence  in  the  justice 
of  his  original  idea.  He  would  even  naively  say,  "  But  you  must  find 
it"  If  the  student  stiU  failed  to  find  it  he  would  sink  still  lower  in 
laeUg^s  opinion,  but  would  be  sure  to  raise  himself  again  if  he  took  an 
independent  tone  and  gave  indisputable  proofs  that  Liebig's  idea  was 
erroneous,  and  suggested  a  better  explanation  of  the  phenomena.  Of 
course  it  was  natural  that  this  habit  of  adherence  to  an  idea  once  taken 
up  increased  on  Liebig  with  years. 

But  what  furthered  Liebigs  progress  so  much  alongside  with  his 
unusual  mental  gifts  and  quidmess  of  comprehension  was  his  methodical 
way  of  working.  He  saved  himself  and  others  an  immense  amount  of 
time  in  research  by  adopting  good  methods. 

Liebig  had  learnt  elementary  analysis  with  Thenard  and  Gay-Lussac ; 
but  when  he  set  to  work  with  such  intensity  at  Giessen  to  determine 
Uie  carbon,  hydrogen,  and  nitrogen  of  organic  bodies,  it  must  have  been 
most  annoying  to  him  to  require  so  much  time  and  apparatus.  Just  as 
he  had  in  his  early  years  at  Erhvngen  made  up  his  mind  that  he  must  go 
to  Paris  to  complete  his  education,  so  he  now  saw  that  he  must  contrive 
a  simpler  method  of  elementary  analysis  if  Organic  Chemistry  was  to  be 
developed.  This  important  task  occupied  him  for  some  years,  but  he 
accomplished  it  at  last.  By  degrees  he  got  the  apparatus  into  such  a 
simple  and  sure  form  that  it  surpassed  in  quickness  and  accuracy  the 
ordinary  methods  of  mineral  analysis.  This  being  accomplished,  the 
questions  about  the  quantitative  composition  of  organic  bodies  could  now 
be  easily  answered. 

The  five-bulb  apparatus  which  Liebig  contrived  to  make  out  of  gloss 
tubing  enabled  him  to  absorb  with  facility  and  accuracy  the  carbonic  acid 
formed  by  the  combustion  of  organic  bodies.  It  has  become  an  emblem  of 
the  Giessen  schod.  Probably  the  most  important  service  rendered  by  Liebig 
to  science  was  the  establishment  of  the  Giessen  School  of  Chemistry.  He 
had  experienced  in  his  own  person  the  difficulty  of  getting  a  training  in 
the  hiffher  branches  of  the  science  from  the  lack  of  chemical  schools. 
This  difficulty  had  at  length  been  overcome  in  his  case ;  but  only  his 
individual  wants  were  thus  satisfied  by  his  accidental  meeting  with  A. 
von  Humboldt,  by  whose  means  he  was  admitted  to  Gay-Lussac's 
Laboratory.  What  he  had  obtained  by  a  happy  accident  he  made  acces- 
sible to  all  in  Germany.  The  founding  of  the  Chemical  Laboratory  in 
Giessen,  for  purposes  of  public  and  practical  instruction,  was  quite  an 
epoch  in  the  history  of  science.  What  imexampled  activity  reigned  in 
those  Chemical  Halls !  There  met  and  worked  from  morning  to  evening 
the  future  professor  of  chemistry,  the  future  manufacturer.    All  the 
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dialects  of  Germany  might  be  heard  there,  nay  every  European  language, 
and  in  one  hall,  somewhat  predominating,  the  English  language — all 
mixing  and  yet  in  order,  for  every  one  felt  that  he  was  striving  for  a 
noble  object  y  he  was  serving  science ;  in  other  words,  he  was  a  pupil  of 
Liebig.  And  how  inspiriting  was  this  meeting  together  of  earnest 
youths  under  such  a  master !  Many  a  noble  and  life-long  friendship  was 
founded  by  community  of  work  and  aims.  And  Liebig  had  mostly  a  bit 
of  good  advice  or  a  happy  thought,  which  helped  one  who  had  got  into 
either  a  scientific  or  an  experimental  difficulty,  and  which  would  float 
him  again  in  the  right  direction. 

All  who  kfiow  what  this  school  of  Liebig  on  the  Lahn  was,  and  what 
other  opportunities  there  existed  for  chemical  study,  will  easily  compre- 
hend that  there  was  a  time  when  any  one  who  had  a  longing  for 
thorough  chemical  study  felt  an  irresistible  call  to  Giessen.  Liebig  is 
much  to  be  applauded  and  admired  in  that  he  knew  so  clearly  the  kind 
of  school  he  must  make  in  order  to  effect  real  good.  Others  before  him 
had  felt  that  chemical  students  ought  to  do  practical  work  in  the  labora- 
tory ;  but  they  had  not  the  support  of  public  opinion,  or  of  the  governing 
bodies  of  educational  institutions,  and  were  not  strong  enough  to  break 
through  the  hindrances  around  them.  It  is  even  told  that  when  one 
professor  at  a  small  University  attempted  to  have  a  little  practical  school 
of  Chemistry,  his  colleagues  regarded  it  as  a  useless  squandering  of 
reagents  and  coals ;  and  the  few  students  who  went  to  this  class  were 
quite  pitied  by  the  rest  for  their  credulity  in  fancying  the  professor 
would  be  so  foolish  as  to  show  them  the  right  operations  and  make  them 
professors  too. 

Erom  the  very  first  Liebig  went  on  the  principle  of  teaching  his  pupils 
chemistry  without  any  reference  to  special  applications,  and  of  putting 
them  in  possession  of  the  knowledge  which  they  were  afterwards  to 
apply.  The  application  ho  left  to  themselves.  Just  then  many  so- 
called  technical  schools  were  being  founded  where  it  was  intended  that 
only  such  parts  of  natural  science  should  be  taught  as  were  useful  for 
some  branch  of  industry.  Li  such  a  school  the  future  brewer  should 
study  malt  and  hops,  the  dyer  colours,  the  agriculturist  soils  and 
manures,  and  so  on,  but  not  be  burdened  with  subjects  of  which  the 
pupil  in  his  future  career  was  not  likely  to  make  any  practical  applica- 
tion.   Liebig  stedfastly  opposed  this  unintelligent  utilitarianism. 

People  in  great  technical  businesses  soon  began  to  see  how  perfectly 
in  the  right  Liebig  was  in  this  idea ;  and  he  was  constantly  applied  to, 
not  merely  for  chemical  teachers,  but  even  for  chemists,  and  not  merely 
for  chemists  to  assist  in  chemical  works  and  soda  manu&ctories,  but 
for  paper  manufactories,  colour  works,  breweries,  &c. 

In  this  way  not  merely  eminent  investigators  and  teachers  came  forth 
from  Liebig's  school,  but  many  very  distinguished  practical  men.  Two 
other  subjects  yet  remain  to  be  mentioned  to  complete  the  picture  of 
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Liebigs  scientific  activity^*  The  Annals  of  Chemistry  and  Pharmacy  ' 
iod  his  *  Letters  on  Chemistry.' 

Before  liebig's  time  there  was  no  periodical  which  was  exclusively 
deroied  to  Chemistry.  Chemistry  was  then  more  nearly  connected  v,ith 
pharmacy ;  and  as  in  the  practice  of  pharmacy  the  results  of  chemistry 
came  so  closely  into  application,  Liebig's  first  researches  were  published 
in  the  Magazine  for  Pharmacy  founded  by  the  apothecary  Hiinle,  and 
afterwards  continued  by  the  apothecary  Geiger  in  Heidelberg. 

In  the  year  1832  Liebig  founded,  in  conjunction  with  Geiger,  the 
*  Annalen  dcr  Pharmacie,'  which  now  became  entirely  his  organ.  With 
the  publication  of  the  33rd  volume,  Wohler  became  one  of  the  editors,  and 
the  title  was  changed  to  *  Annalen  der  Chemie  und  Pharmacie,'  in  order, 
as  Liebig  said,  to  bring  the  title  and  the  contents  more  into  unison. 
Later  on  Kopp,  and  still  later  Erlenmeyer  and  Volhard,  all  pupils  of 
l^ehigf  joined  in  the  editing. 

The '  Chemical  Letters,'  as  is  well  known,  originated  in  a  series  of  essays 
published  in  the  Augsburg  Gazette.  These  letters  were  remarkable 
specimens  of  exact  science  popularized  for  educated  people. 

Liebig^s  active  mind  led  him  to  an  earnest  consideration  of  the  chemi- 
cal processes  inyolved  in  agriculture  and  physiology.  Having  paid  more 
attention  to  the  study  of  organic  bodies  than  any  other  chemist,  he 
naturally  felt  a  desire  to  consider  these  substances  in  connexion  with 
their  functions,  and  the  circumstances  under  which  they  were  developed. 
How  fruitful  his  labours  were  in  this  direction  is  already  well  known. 

What  is  called  Liebig's  agricultural  chemistry  was  developed  in  two 
periods.  The  first  period  from  1840  to  1846  in  Giessen,  and  the  second 
from  1856  to  1862  in  Munich,  whither  he  migrated  in  1852.  His  views 
on  Y^etable  and  animal  physiology  were  first  expounded  in  a  work 
which  was  published  by  Vieweg  in  Brunswick  in  1840,  with  the  title 
"Die  Chemie  in  ihrer  Anwendung  auf  Agricultur  und  Physiologie." 

This  book  originated  in  the  following  manner : — ^The  British  Associa- 
tion for  the  Advancement  of  Science,  at  its  Liverpool  Meeting  in  1837, 
requested  Liebig  to  publish  a  report  of  the  present  state  of  knowledge  in 
the  department  of  Organic  Chemistry.  He  expressed  his  willingness  to 
do  so,  but  proposed  that  Dumas  should  share  the  task  with  him.  Dumas 
seemed  disinclined,  and  Liebig  brought  out  his  'Agricultural  Chemistry.' 
The  result  of  its  publication  was  astonishing.  It  went  through  no  less 
than  six  important  editions  in  six  consecutive  years,  and  excited  an 
immense  amount  of  interest.  The  stir  made  by  this  book  was  so  great 
that  Dumas,  as  the  first  chemical  authority  in  France,  felt  it  necessary 
cfne  year  later  to  publish  a  somewhat  similar  work  in  the  French  lan- 
guage, and  formally  to  claim  for  France  on  this  occasion  the  main  prin- 
ciples enunciated  in  Liebig's  work :  "  Elles  appartiennent  h  notre  ^cole 
dont  I'esprit  est  venu  s'exercer  sur  ce  terrain  nouveau." 

Many  of  Lieb'g^s  countrymen  expressed  strong  dissent  from  hisNievf* ', 
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and  Berzt3liua  at  first  expressed  himself  as  very  doubtful  abaut  them/  and 
after  some  years  got  into  actual  hostility  with  Liebig  about  this  applica- 
tion of  chemistry,  which  he  called  "  Probabilitats-Thoorien."  In  his 
Jahresbericht  of  1841,  Berzelius  said  that  Liebig's  book  was  executed 
with  all  the  talent  which  one  would  expect  of  so  distinguished  an  author, 
but  he  does  not  conceal  his  opinion  that  Liebig  had  erected  an  edifice 
which  was  but  too  insecure.  He  said  that  Boussingault  was  working  in 
the  same  field  as  Liebig,  but  was  taking  the  long  and  difficult  road, 
answering  every  inquiry  by  one  or  more  experiments,  that  he  did  not 
give  his  answers  so  qnickly,  but  they  might  be  relied  on. 

This  purtly  cautious,  partly  dissentient,  and  partly  actually  hostile 
attitude  of  the  agriculturists,  physiologists,  and  chemists  seemed  only  to 
tune  to  a  louder  key  the  enthusiasm  and  applause  of  the  general  public ; 
but  this  was  probably  no  satisfaction  to  Liebig,  for  of  all  the  applauding 
crowd  who  besides  his  own  pupils  surrounded  him,  not  one  was  able  to 
bring  Berzelius  over  to  different  views,  to  weaken  the  experiments  of 
Braoonnot,  and  the  objections  of  Boussingault,  or  to  convince  the  scep- 
tical agriculturists  and  controversial  physiologists. 

Then,  perhaps  for  the  first  time  in  his  life,  Liebig  may  have  oft  felt 
right  lonely,  despite  the  homage  of  the  masses ;  for  even  his  best  friends 
and  scholars  saw  too  well  that  Liebig  in  this  high  flight  (this  book)  had 
often  maintained  more  than  he  had  proved,  that  the  proof  was  in  many 
points  still  wanting. 

At  no  time  did  Liebig  profess  to  be  the  first  who  had  made  chemical 
experiments  in  agriculture.  Li  fact,  in  the  dedication  of  his  book  to 
Alexander  von  Humboldt,  he  says,  "  I  hardly  know  whether  even  a  part 
of  the  little  work  which  I  make  bold  to  dedicate  to  you  is  my  own." 

What,  then,  was  it  which  caused  so  much  excitement  ?  It  was  the  idea 
which  Liebig  brought  so  prominently  forward,  that  plants  alone  are 
capable  of  assimilating  inorganic  materials,  such  as  carbonic  acid,  water, 
and  ammonia,  and  of  building  up  complex  substances  such  as  albumen, 
starch,  and  fat,  &c. ;  while  animals  live  upon  these  complex  products 
and  reduce  them  to  simpler  ones. 

Liebig  undertook  the  determination  of  the  ashes  in  several  parts  of 
many  varieties  of  plants  and  from  different  localities.  He  cared  little 
for  analyses  of  soils  hitherto  considered  so  important,  especially  how 
much  humus  an  earth  contained,  but  he  wanted  specially  to  know  what 
each  plant  did  with  the  earth  on  which  it  grew. 

It  soon  appeared  that  all  plants  leave  qualitatively  the  same  mineral 
constituents  in  their  ashes,  but  that  every  kind  of  plant,  so  to  say,  yields 
its  ovin  peculiar  ash,  inasmuch  as  different  kinds,  even  when  growing  on 
the  same  soil,  take  up  its  mineral  constituents  in  very  different  propor- 
tions. It  was  soon  found  that  wheat,  rye,  barley,  &c.  have  their 
distinct  ashes,  also  the  grains  of  a  com  compared  to  the  corresponding 
straws. 
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As  it  was  not  enou^  to  know  the  ashes  of  a  particular  phmt  grown 
in  a  particnlar  region,  but  was  desirable  to  get  them  from  as  many 
different  plants,  fields,  and  regions  as  possible,  so  liebig  procured  ashes 
from  all  possible  localities.  Just  as  a  merchant  writes  letters  of  busi- 
ness to  all  parts,  so  Liebig  sent  about  letters  ererywhere  for  analyses  of 


In  order  to  make  the  work  of  analysis  as  easy  as  possible,  his  pupils  Will 
and  Eresenius  had  worked  out  and  published  an  excellent  method  of  ash 
analysis ;  and  in  a  short  time  thousands  of  analyses  were  made  of  the 
most  different  plants  and  parts  of  plants  in  yery  <Ufferent  localities.  He 
found  that  each  plant  takes  an  exact  quantity  of  mineral  matter  and  in 
an  exact  proportion,  which  may  be  recovered  again  from  its  ashes ;  and 
he  concluded  that  whatever  else  the  plant  requires  for  the  formation  of 
its  combustible  constituents  is  derived  from  the  carbonic  acid,  water, 
and  ammonia  of  the  air.  Prom  these  views  Liebig  laid  down  the  rule 
that  to  keep  a  wheat  or  corn-field  fertile  one  has  only  to  return  to  it  the 
mineral  constituents  which  have  been  taken  out  by  the  crops,  and  in  the 
proportions  in  which  t^ose  minerals  are  present  in  the  ashes  of  each 
crop. 

Liebig  induced  the  distinguished  alkali  manufacturer  Muspratt,  in 
Liverpool,  to  prepare  mineral  manures  for  wheat,  rye,  oats,  clover, 
potato,  and  other  fields.  The  different  manures  were  manufactured 
according  to  a  method  invented  by  Liebig,  which  consisted  in  melting 
together  the  necessary  substances,  so  that  salts  easily  soluble  in  water 
were  brought  into  an  almost  insoluble  form  that  the  rain  might  not  carry 
them  off  out  of  reach  of  the  germinating  seed.  Liebig  was  as  much 
convinced  of  the  soundness  of  his  mineral  theories  as  of  the  working 
power  of  his  mineral  manure.  But  matters  turned  out  differently  from 
what  he  anticipated,  and  a  heavy  trial  was  in  store  for  his  great  genius. 

The  English  agriculturists  saw  no  result  from  his  artificial  manure, 
ceased  to  buy  it,  and  again  had  recourse  to  dung  and  t)ther  substances, 
and  the  factory  in  Liverpool  ceased  to  work.  Nay,  even  Liebig  was 
himself  convinced  by  his  unsuccessful  experiments  in  agriculture  in 
Oiessen  that  his  mineral  manure  could  not  make  a  barren  soil  more 
fertile.  One  single  ray  of  hope  came  to  cheer  him  after  years  of  failure. 
It  turned  out  that  after  a  length  of  time  those  fields  when  no  longer 
manured  at  length  became  more  fertile.  But  here  again  was  a  new 
riddle  for  him. 

Meanwhile  adversaries  rose  up,  not  merely  to  expose  the  uselessness 
of  his  manure,  but  also  to  show  that  new  methods  must  be  adopted 
in  order  to  reach  a  practical  end. 

In  the  foreground  stood  an  English  agriculturist,  Lawes,  who  soon 
joined  with  an  excellent  chemist,  Gilbert,  and  made  on  one  of  his  estates 
experiments  with  all  sorts  of  manures,  which  they  manufactured  and 
tried  in  many  different  ways.    It  was  shown  that  the  more  aolubk  ^ 
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sabstanoe  is,  the  more  effect  it  has ;  that  the  yield  of  a  field  is  oEtea 
increased  merely  by  the  addition  of  bone-ash  rendered  soluble  by  sul- 
phuric acid  (so-called  superphosphate) ;  but  that  above  all  ammonia  and 
ammoniacal  salts,  or,  as  they  at  last  boldly  stated  it,  combined  nitrogen 
must  be  added  to  the  fields  in  order  to  secure  good  crops ;  and  for  a 
while  the  value  of  a  manure  was  simply  estimated  by  the  amount  of 
nitrogen  it  contained,  whereas  liebig's  theory  had  pointed  out  the 
atmosphere  as  a  sufficient  source  of  supply  of  ammonia. 

Liebig's  adversaries  were  at  this  time  banded  together  under  the 
appellation  of  Nitrogenists  (Stichstoffler).  They  thought  they  had  driven 
Liebig  for  ever  from  the  field. 

In  spite  of  all  Liebig  remained  true  to  his  theory  and  would  not  yield. 
He  controverted  the  conclusions  of  Lawes  and  Gilbert,  but  without 
success.  The  President  of  the  English  Agricultural  Society,  Pusey, 
ranged  himself  distinctly  on  the  side  of  Lawes  and  Gilbert.  As  the 
masses  only  judge  by  results,  the  sale  of  the  book  '  Chemie  in  ihrer 
Anwendung  auf  Agricultur  und  Physiologie,'  which  at  first  could  not  be 
printed  fast  enough,  became  smaller  and  smaller,  and  after  1846  no  new 
edition  appeared. 

Li  his  latest  writings  on  the  subject  of  the  mineral  theory  Liebig 
acknowledged  that  ammonia  may  with  advantage  be  supplied  to  cereal 
and  some  other  crops  in  the  manure ;  but  contended  at  the  same  time 
that  it  was  naturally  included  among  "  mineral  substances  "  which  he 
had  originally  referred  to.  As,  however,  he  had  clearly  explained  that 
the  ashes  of  a  plant  contain  the  mineral  substances  which  ought  to  be 
added  to  the  soil  for  the  growth  of  such  plant,  the  statement  that 
ammonia  is  really  a  mineral  compound,  and  ought  to  be  included  in  his 
rule  regarding  mineral  substances,  really  conceded  in  substance  the 
argument  of  his  opponents. 

Since  the  year  1845  Liebig  had  paid  more  and  more  attention  to  the 
second  part  of  the  task  which  he  had  set  himself  in  1840,  the  application 
of  chemistry  to  animal  physiology,  and  was  in  full  work  at  this  when 
King  Maximilian  11.  entered  into  a  correspondence  with  him  with  the 
view  of  calling  him  to  Munich.  Liebig  had  in  the  course  of  his  distin- 
guished career  declined  so  many  calls  (shortly  before  this  one  a  brilliant 
call  to  Heidelberg),  that  they  had  little  hope  of  persuading  the  eminent 
man  to  come  to  Munich,  but  they  induced  him  nevertheless.  To  his 
honour  be  it  said  he  did  not  in  the  least  render  the  task  more  difficult 
by  great  pretensions,  merely  stipulating  that  he  should  not  be  required 
to  conduct  80  large  a  laboratory  as  he  had  done  at  Giessen,  so  that  he 
might  have  more  time  for  his  own  work.  His  migration  took  place  in 
the  autumn  of  1852,  when  in  his  49th  year. 

After  some  time  he  resumed  at  Munich  his  agricultural  experiments, 
and  at  last  found  out  why  his  mineral  manure  had  not  the  desired  effect, 
and  why  dung  and  even  mere  ammoniacal  salts  alone  had  so  great  an  effect. 
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la  tbe  year  1862  appeared  his  great  work,  in  two  volumes,  '  Der 
dianische  Process  der  Ernahrang  der  Yegetabilien  und  die  Naturgesetee 
des  Feldbaues/  This  was  the  crowning  work  of  Liebig's  agricultural 
hbours,  and  his  doctrine  is  now  universally  recognized ;  and  no  thought- 
fol  agrictiltnrist  ever  now  supposes  that  he  need  but  add  superphos- 
phate or  nitrogen  or  guano  and  his  fields  will  be  for  ever  fertile.  It  is 
now  in  agriculture  but  a  question  of  the  best  appliances  necessary  to  do 
justice  to  the  theory  of  Liebig.  In  Germany  agriculturists  have  thank- 
fully acknowledged  this  by  the  foundation  of  the  Liebig  Stiftung. 

In  close  connexion  with  the  subject  of  nutrition  is  Liebig's  work  on 
flesh,  which  first  gave  us  a  more  exact  idea  of  the  chemical  composition 
of  muscle,  that  is  by  far  the  greatest  and  most  massive  part  of  our 
bodily  organs.  One  result  of  this  work  is  the  laebig's  Meat  Extract, 
now  well  known  to  the  whole  world,  of  which  so  much  has  been  said, 
and  whose  value  has  been  as  often  over-  as  underrated. 

Liebig  spent  the  remainder  of  his  life  at  Munich,  where  he  died  on 
the  10th  of  April,  1873. 

AuouBTE  Abthub  db  LA  Btve,  bom  at  Geneva  on  the  9th  of  October, 
1801,  was  the  son  of  Charles  G^pard  de  b  Bive,  Professor  of  Chemistry 
and  Physics  in  the  Academy  of  G^eneva.  He  studied  first  at  the  College 
and  then  at  the  Academy.  After  working  at  science  for  a  time  he 
devoted  himself  to  the  study  of  law  for  two  or  three  years.  He  had 
inherited  his  father's  taste  for  science.  In  the  year  1822  he  became 
deeply  interested  in  Ampere's  investigations ;  and  when  Ampere's  theory 
of  the  magnet  had  lost  its  best  support,  the  young  Auguste  de  la  Hive 
came  to  his  assistance.  He  performed  a  series  of  delicate  experiments, 
which  Ampere  came  expressly  to  Pr^singe,  the  country  place  of  the 
De  la  Bives,  to  witness.  The  memoir  "  On  the  Influence  of  Terrestrial 
Magnetism  upon  a  movable  frame  traversed  by  a  Voltaic  Current," 
written  by  the  young  physicist  on  this  occasion,  contains  not  only  the 
new  results  which  he  had  obtained,  but  the  learned  and  conclusive  theory 
by  which  Ampere  connects  them  with  his  own  views,  thenceforth  com- 
pletely triumphant.  This  first  research  not  only  brought  him  into  con- 
nexion with  Ampere,  but  paved  the  way  for  his  long  and  intimate 
friendship  with  Faraday. 

In  October  1823  he  gave  up  his  legal  studies  and  succeeded  M.  Prevost 
as  Professor  of  Physique  Gcn^rale  at  the  Academy.  On  the  occasion  of 
his  candidateship  he  published  a  thesis,  "  Dissertation  sur  la  partie  de 
Toptique  qui  traite  des  courbes  dites  caustiques."  He  had  also  to  give 
some  lessons  at  the  Academy  and  a  public  conference  on  the  theory  of 
the  pendulum.  On  the  death  of  M.  A.  Pictet  in*1825  he  resigned  the 
chair  of  Physique  Generale  to  succeed  to  that  of  Experimental  Physics. 
He  often  gave,  in  addition  to  his  regular  lessons,  some  special  course  on 
Electro-chemistry,  or  courses  ior  a  general  audience,  conioiiAVj  m^\v 
H.  Msivei^,  beddeB  others  for  tbe  industrial  classes,  _  jy  GooqIc 
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Augusta  de  la  Eive  contributed  evidence  in  favour  of  the  general  con- 
elusion  that  it  is  as  impossible  to  create  force  as  to  create  matter.  He 
also  gave  much  attention  to  the  cause  of  the  Aurora  Borealis,  taking  up 
the  subject  where  Arago  had  left  it;  and  by  means  of  an  apparatus 
arranged  by  himself  he  waa  able  to  show  the  chief  peculiarities  of  this 
phenomenon.  By  the  passage  of  electricity  through  a  rarefied  gas  be 
caused  the  appearance  of  a  luminous  ring  animated  with  a  rotatory 
movement  round  this  same  pole.  This  experiment  is  so  remarkable  that 
it  will  always  be  admired  even  by  those  physicists  who,  considering  the 
aurora  to  have  its  source  higher  up  than  the  terrestrial  atmosphere,  at- 
tribute to  it  a  cosmical  origin,  which  De  la  Bive  would  never  admit. 

Shortly  before  he  was  attacked  by  the  malady  which  finally  killed  him, 
he  wrote  to  Dumas,  "  Aidez-moi  k  d^fendre  une  theorie  fond^  sur  des 
faits  incontestables ;  elle  ^tait  d^j^  ceUe  de  Franklin  et  d'Arago,  avec 
moins  de  precision.  Les  auteurs  qui  ne  songent  qu'aux  aurores  bril- 
lantes  oublient  que  presque  tons  les  jours  il  y  en  a  qui  se  passent  sans 
dclat,  dans  les  regions  polaires ;  je  ne  connais  pas  un  seul  observateur 
place  dans  nos  centres  septentrionales  qui  n'ait  adopte  les  vues  que  j'ai 
expos^.  N'est-ce  pas  une  pr^somption  en  leur  faveur  que  d'avoir  pour 
elles  tons  ceux  qui  vivent  au  milieu  des  ph^nom^nes  qu'elles  cherchent 
h  expliquer  ?  Paudrait-il  les  abandonner,  quand  on  a  seulement  contre 
elles  ceux  qui  ne  les  observent  que  de  loin  en  loin,  sous  Timpression 
aveuglante  d'une  surprise  qui  ne  laisse  pas  toujours  une  enti^re  liberty 
d'appr^ciation?" 

In  connexion  with  this  subject  we  may  mention  that  Anguste  de  la 
Bive  and  his  friend  M.  de  Marignac  made  experiments  to  show  that 
ozone  is  modified  oxygen,  oxygen  which  has  undergone  a  change  by 
the  action  of  electricity. 

The  investigations  of  Auguste  de  la  Eire  gave  rise  to  a  new  and 
now  flourishing  branch  of  industry,  Gkdvanic  Gilding.  Hitherto  the 
only  effectual  method  known  of  gilding  bronze  was  by  the  use  of 
mercury;  but  the  process  was  most  injurious  to  the  workmen,  as 
their  hands  came  in  contact  with  the  dangerous  metal,  and  their  chests 
were  exposed  to  the  action  of  mercuiy  vapour  during  the  heating  opera- 
tion. A  prize  had  been  offered  by  the  French  Academy  to  any  one  who 
could  find  a  method  which  should  remove  the  dangers  from  this  trade ; 
but  nobody  had  hitherto  solved  the  problem.  The  Academy  has  since 
been  more  fortunate.  The  process  of  galvanic  gilding  has  been  developed ; 
and  we  must  not  forget  that  the  learned  and  disinterested  physicist 
Auguste  de  la  Eive  with  his  own  hands  gilded  the  first  pieces  by  the 
electric  process.  He  it  was  who  showed  how  to  put  an  end  to  the  dis- 
tressing bodily  and  melital  sufferings  of  these  workmen.  For  this  dis- 
covery, published  in  1840,  he  received  the  Prix  Monthyon  of  3000  francs 
from  the  French  Academy. 

A.  de  la  Eive  made  numerous  observations  on  the  causes  of  the 
second  reflections  seen  at  sunset  on  Mont  Blanc,  and  attributed  them  to 
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tlie  last  rays  of  the  sua  falling  on  some  layers  of  vapour  collected  in  the 
q)per  regions  of  the  atmosphere.  He  showed  that  these  vapours,  them- 
adres  characteristic  of  fine  weather,  are  formed  by  actual  particles  of 
dost  &C.,  whether  mineral  or  organic,  suspended  in  the  air,  where  they 
float  when  dry,  falling  to  the  ground  when  made  heavy  by  moisture. 
When  abundant  they  cause  a  haziness  of  the  atmosphere,  when  in  small 
quantity  the  deamess  of  the  atmosphere  returns. 

Even  the  insects  fluttering  about  obey  this  law.  If  swallows  skim  the 
ground  at  the  approach  of  rain  and  reascend  in  fine  weather,  it  is  because 
in  the  first  case  the  insects  charged  with  damp  cannot  rise,  and  in  the 
second  case  are  relieved  from  this  weight  and  mount  high  up  in  the  air. 
A.  de  la  Eive  took  a  deep  interest  in  political  questions.  He  was 
always  liberal  in  his  views,  but  at  the  same  time  determined  to  resist 
extreme  democracy. 

After  the  revolution  of  Greneva,  at  the  period  of  the  war  of  the  Son- 
derbund,  he  resigned  his  professorship  and  gave  up  public  life.  He 
was,  however,  on  the  occasion  of  the  annexation  of  Savoy  to  France, 
appointed  to  watch  over  the  interests  of  the  Helvetic  Confederation  in 
London.  He  was  received  with  great  distinction  by  the  Queen,  and  on 
lus  return  made  one  of  the  Assembly  elected  to  revise  the  constitution 
of  Geneva.  After  this  work  was  accoihplished  he  retired  entirely  from 
public  affairs. 

In  the  spring  of  1873  he  was  attacked  with  paralysis,  but  was,  never- 
theless, able  to  read  in  a  feeble  voice  on  June  5th  his  annual  report  to 
the  Societ<^  de  Physique  et  d'Histoire  Naturelle.  In  the  November 
following  he  had  a  severe  stroke  of  paralysis  on  his  way  to  Cannes,  but 
managed  to  reach  Marseilles,  where  he  died  on  the  27th. 
His  wife  only  survived  him  a  few  days. 

De  la  Eive's  principal  work  was  the  *  Traite  d'£lectricito  Theorique  et 
Appliqu^,'  in  three  volumes,  which  appeared  between  the  years  1854 
and  1858,  in  which  he  published  his  theory  of  the  Aurora  Borealis,  first 
brought  forward  in  1854,  and  illustrated  by  the  experiment  now  well 
known  to  physicists  of  rotating  the  voltaic  arc  of  light  around  the  pole 
of  a  magnet,  as  any  other  ponderable  conductor  would  rotate.  This 
work  was  published  simultaneously  in  France  and  England. 

During  a  period  of  fifty  years  he  made  many  contributions  to  Science, 
which  were  published  in  the  *  Memoires  de  la  Socicte  de  Physique  et 
d'Histoire  TJniverselle  de  Geneve '  or  in  the  *  Biblioth<^ue  Universelle.' 
From  1836  to  1845  he  edited  the  literary  and  scientific  parts  of  the 

*  Bibliotheque  Universelle,'  which  were  then  united.  Ho  compiled  alone, 
as  supplementary  to  it,  the  '  Archives  de  r£lectricit(5,'  in  five  volumes, 
1841  to    1845,   and   conjointly  with   De    Marignac   and    others  the 

*  Archives  des  Sdences  Physiques  et  Naturelles,'  in  thirty-six  volumes, 
1846  to  1857,  and  the  *Nouvelle  Pdriode'  of  the  same  Kecueil,  in  nine 
volumes,  1858  to  1860.    He  was  also  the  author  of  numerous  \)\ogs»5\jifia 


and  of  papers  on  optics,  critical  and  scientific  notices.  He  took  an 
active  part  in  the  Society  for  the  Advancement  of  the  Arts,  and  was  for 
several  years  General  President  of  the  Society.  He  twice  presided,  in 
1845  and  in  1865,  over  the  Helvetic  Society  of  Natural  Sciences.  "With 
the  Prix  Monthyon,  received  from  the  Acad^mie  des  Sciences  for  electro- 
chemical gilding,  he  founded  a  quinquennial  prize  to  be  given  to  the 
author  of  the  discovery  most  useful  to  Qenevese  industry,  and  he 
augmented  this  sum  by  a  legacy.  He  was  a  foreign  member  of  the 
French  Academy  and  of  the  Eoyal  Society. 
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The   Bakerian    Lecture. — "  On    the    Forms  of  £quipotentiaI 

Curves   and  Surfaces  and  on  Lines  of  Flow"    By  W.  O. 

Adams^  M.A.,  F.R.S.,  Professor  of  Natural  Philosophy  and 

Astronomy  in  King's  College,  London.     Received  February 

18,1875*. 

[Plates  1  &  2.] 

When  any  portion  of  a  conducting-wire  which  joins  the  two  poles  of 
a  voltaic  battery  is  increased  in  size,  the  resistance  of  the  circuit  is 
diminished  and  a  greater  current  flows  through  the  wire ;  and  as  any 
increase  in  the  cross  section  of  any  portion  of  the  \iire  causes  a  corre-^- 
sponding  increase  in  the  current,  it  is  clear  that  there  is  no  part  o^t|ti^ 
conducting-wire  through  which  some  portion  of  the  current  does  not 
flow  from  the  one  pole  to  the  other ;  and  the  outer  boundary  of  such  a 
^ire  will  be  a  line  of  flow. 

A  Hue  of  flow  is  a  line  drawn  in  a  conductor  which  indicates  at  every 
point  of  it  the  direction  of  the  current  at  that  point.  A  portion  of  the 
conductor  completely  enclosed  by  lines  of  flow  may  be  termed  a  tube 
of  flow. 

If  a  portion  of  the  wire  be  beaten  out  into  a  flat  disk,  or  if  a  sheet  of 
metal  or  tinfoil  be  employed,  it  will  still  be  true  that  there  is  no  part  of 
it  to  which  the  lines  of  flow  do  not  extend,  although  the  amount  of 
current  will  be  weak  at  points  of  the  disk  which  are  far  removed  from 
the  shortest  line  of  flow. 

If  instead  of  a  variable  wire  or  disk  the  circuit  consist  in  part  of  a 
conducting  liquid  whose  cross  section  is  greater  than  the  surface  of  the 
electrodes  in  the  liquid,  the  hues  of  flow  extend  throughout  the  liquid ; 
and  an  increase  in  the  cross  section  of  the  liquid  diminishes  to  some 
extent  the  resistance  of  the  circuit. 

*  Bead  February  2o,  1875.     Seo  vol.  xxiii.  p.  280. 

rOZ,  XXIV.  Digitized  by  VjQOQIC 


2  Prof.  W.  G.  Adams  on  tlie  Forms  of 

The  lines  of  flow  diverge  from  the  electrodes  or  points  \^liere  the 
current  enters  and  leaves  the  liquid,  and  lie  closer  and  closer  together 
as  they  lie  nearer  to  the  shortest  line  of  flow  joining  the  electrodes. 

The  whole  of  the  conductor,  whether  it  be  a  disk  or  a  liquid,  mav  bo 
regardvid  as  being  made  up  of  tubes  of  flow,  or  of  bundles  of  lines  of 
flow,  each  tube  ending  in  conical  points  filling  up  the  same  solid  angle  at 
the  electrodes,  and  conveying  a  given  quantity  of  electricity  from  one 
battery-electrode  to  the  other. 

These  tubes  increase  in  diameter  at  points  further  and  further  from 
the  electrodes ;  and  the  strength  of  current  at  a  given  point  (i.  f.  the 
quantity  of  current  flowing  through  a  peri)endicular  section  of  unit  area) 
will  bo  inversely  as  th«»  cross  section  of  the  tube  of  flow  passing  through 
that  point.  In  passing  from  one  electrode  to  the  other  along  any  line  of 
flow  there  will  be  a  gradual  fall  of  potential,  and  the  lines  of  flow  will 
be  cut  at  right  angles  by  surfaces  in  which  the  potential  is  the  same  for 
every  point  of  the  same  surface. 

On  attaching  two  wires  to  a  galvanometer,  and  placing  their  free  ends 
on  the  same  equipotential  surface,  no  current  will  flow  through  the 
galvanometer. 

If,  then,  two  electrodes  in  connexion  Tiith  the  two  poles  of  a  battery 
be  fixed  in  contact  with  two  points  of  a  disk  of  tiufoil,  or  with  two 
points  in  a  conducting  liquid,  and  two  other  electrodes  be  attached  to 
a  delicate  galvanometer,  by  keeping  one  of  these  fixed  and  traciDg 
with  the  other  we  may  determine  the  forms  of  equipotential  curves  or 
surfaces  in  the  disk  of  tinfoil  or  in  the  liquid  by  joining  all  the  positions 
of  the  tracing-pole  which  give  no  current  through  the  galvanometer. 

It  will  be  convenient  to  call  the  electrodes  which  are  connected  with 
the  battery  the  battery-electrodes,  and  those  connected  with  the  galvano- 
meter the  galvanometer-electrodes.  By  means  of  the  tracing-electrode 
points  of  the  same  potential  as  the  fixed  galvanometer-electrode  may  be 
marked  on  the  tinfoil ;  and  the  curve  joining  them  will  be  an  equi^x)- 
tential  curve. 

Rx'jyerimental  1  \  'ork. 

About  five  years  ago,  at  the  suggestion  of  Mr.  J.  T.  Bottomley,  the 
tracing  out  of  equipotential  curios  on  sheets  of  tinfoil  was  first  set  as  an 
exercise  for  our  more  advanccjd  students  in  the  Physical  Laborator}'.  I 
l.ave  been  assisted  in  the  exi)erimontal  work  contained  in  this  paper  by 
Messrs.  Jacob,  Cochrane,  Day,  and  Harrison,  students  in  the  Physical 
Laboratory  of  King's  College. 

To  trace  the  curves,  one  electrode  of  a  Tliomson's  reflecting  galvano- 
meter was  attached  to  a  small  screw  or  pin,  fixed  in  contact  with  or 
I'assiug  through  the  tinfoil  disk  ;  and  the  other  ^Tihanometer-electrode 
was  attached  to  a  small  tube  of  the  t;ame  size  as  the  sci*ew,  with  the  end 
o/  which  contact  coaJd  Le  made  at  any  point  of  the  disk.    In  the  centre 
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Equipotential  Curves  and  Surfaces,  ^c.  8 

of  this  small  tube  a  needle  was  held  by  a  spring;  and  when  the  required 
point  was  found,  by  pressing  down  the  spring  a  hole  could  be  made  in 
the  tinfoil,  thus  marUug  the  position  of  the  tracing-electrode. 

The  best  form  of  contact  is  probably  by  means  of  needle-points,  on 
which  shoulders  of  metal  2  or  3  millims.  in  diameter  are  soldered,  and 
which  are  pressed  tight  on  the  tinfoil.  By  placing  a  sheet  of  paper 
underneath  the  tinfoil  dbk  the  forms  of  equipotential  curves  are  at  once 
pricked  out,  and  may  afterwards  be  drawn.  For  illustration  in  lectures 
the  sheet  of  tinfoil  may  bo  placed  in  front  of  a  lamp,  and  the  forms  of 
equipotential  curves  or  lines  of  flow  may  be  thrown  on  a  screen.  If  the 
curves  be  traced  on  a  circular  disk  of  the  size  of  or  smaller  than  the 
condensing-lens,  the  whole  series  of  equipotential  curves  on  it  may  be 
thrown  upon  the  screen  at  the  same  time. 

Case  1.  Plate  1.  fig.  1  represents  a  sheet  of  tinfoil  310  millims. 
square,  in  which  A  and  B,  the  battery-poles,  are  126  millims.  apart ; 
and  the  line  AB  is  nearly  parallel  to  a  side,  and  passes  through  the 
centre  O  of  the  square ;  the  point  O  is  equidistant  from  the  two  poles. 

Not  far  from  the  centre  of  the  sheet,  and  in  the  smaUer  curves  through 
an  angle  varying  from  60^  to  90°  about  the  electrodes,  these  curves 
coincide  with  circles ;  and  in  other  parts  of  the  curves,  when  the  influence 
of  the  edge  is  taken  into  account,  by  supposing  the  distribution  due  to 
charges  in  the  positions  of  the  electric  images,  as  will  be  afterwards 
explained,  the  agreement  with  the  ciurves  as  given  by  theory  is  remarkably 
exact. 

If  a  large  sheet  of  tinfoil  be  taken,  and  the  battery-electrodes  be 
placed  far  away  from  the  edge  of  the  sheet,  then  at  all  points  not  near 
the  edge  of  the  sheet  the  forms  of  the  equipotential  curves  will  be  very 
nearly  the  same  as  in  a  sheet  of  infinite  extent. 

In  all  such  cases  (as  will  be  afterwards  shown)  the  equipotential  curves, 
when  there  are  only  two  battery-electrodes  in  connexion  with  the  sheet, 
are  circles  having  their  centres  on  the  straight  line  passing  through 
the  two  electrodes ;  and  the  lines  of  flow  are  also  arcs  of  circles  which 
pass  through  the  two  poles. 

Case  2.  Plate  2.  fig.  2  represents  a  circular  sheet  of  tinfoil,  210  millims. 
in  diameter,  with  the  electrodes  on  the  circumference,  and  at  a  distance 
from  one  another  equal  to  the  radius.  The  electrodes  were  small 
binding-screws  placed  as  closely  as  possible  to  the  edge  of  the  disk. 
The  differences  of  potential  between  two  successive  equipotential  curves 
Lave  been  measured  by  the  deflections  of  the  needle  of  the  galvanometer. 

The  deflections  were  as  follows : — 

From  A:  to  a 150 

„     a  to  6 60 

„     6  toe 60 

„     cioe 50 


^to/. 50 
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Yromftog 50 

„     gioh 80 

It  will  be  seen  that  the  fall  of  potential  from  htodi^  greater  than 
the  fall  of  potential  from  dioh.  This  may  arise  from  a  difEerence  in 
the  resistances  of  the  contacts  with  the  two  battery-electrodes. 

The  radii  of  the  circles  are  28,  56,  290,  82,  28,  and  12  millims.,  be- 
ginning from  the  point  Tc ;  and  the  distances  between  them,  measured 
along  the  line  joining  the  electrodes,  are  20,  13,  15,  19,  15,  10,  and 
12  millims. 

The  distances  13,  15,  19,  15,  10  correspond  to  equal  differences  of 
potential ;  and  hence  the  resistances  of  the  portions  of  the  disk  between 
these  consecutive  equipotential  curves  are  equal  to  one  another.  In 
this  case  there  was  considerable  resistance  between  the  binding-screw 
and  the  tinfoil  disk  at  the  point  of  contact ;  but  this  does  not  alter  the 
forms  of  the  equipotential  curves. 

Case  3.  Plate  2.  fig.  3  represents  a  large  sheet  of  tinfoil  18  inches 
square,  with  one  electrode  in  the  centre,  by  which  the  current  enters  the 
sheet,  and  four  similar  electrodes  at  four  comers  of  a  square,  each  being  3 
inches  from  the  central  electrode,  by  which  the  currents  leave  the  sheet. 
The  electrodes  were  needles,  with  shoulders  of  brass  3  millims.  in  diameter 
soldered  on  them.  The  four  negative  electrodes  may  be  united  together 
beneath  the  board  on  which  the  tinfoil  is  placed,  by  strips  of  copper 
screwed  to  the  electrodes  by  a  small  nut  on  each  needle.  On  the 
needles  which  pass  thrpugh  the  tinfoil  are  shoulders  which  come  down 
tight  on  the  tinfoil  so  as  to  make  good  contact.  For  these  curves  two 
cells  of  Grove  were  used ;  and  the  difference  of  potential  between  two 
successive  curves  causes  a  deflection  of  50  divisions  of  the  scale.  The 
resistances  of  the  portions  of  this  disk  between  successive  equipotential 
curves  are  equal  to  one  another. 

Case  4.  The  curves  in  Plate  2.  fig.  4,  lying  within  the  octant  BAH, 
are  equipotential  curves,  when  one  positive  electrode  A  is  at  the  comer 
of  a  square  sheet  of  tinfoil  of  which  AH  and  AM  are  the  edges,  and  one 
negative  electrode  at  B,  at  a  distance  of  3  inches  from  A,  the  line  AB 
bisecting  the  angle  between  the  two  edges.  The  curves  between  the 
lines  AB  and  AM  have  not  been  drawn  in  the  figure. 

The  potential  at  any  point  in  this  sheet  is  that  due  to  the  electrodes, 
together  with  the  three  images  of  each  formed  by  the  rectangular  edges ; 
and  hence  the  curves  should  be  the  same  as  in  the  previous  case.  On 
comparing  the  curves  it  will  be  seen  that  that  is  the  case. 

The  curves,  with  two  exceptions,  are  drawn  at  distances  corresponding 
to  equal  differences  of  potential;  so  that,  omitting  the  interpolated 
curves,  the  resistances  of  the  portions  of  the  sheet  between  two  consecu- 
tive equipotential  curves  are  equal  to  one  another. 

This  figure  also  represents  the  equipotential  curves  for  a  square 
sheet  BABj,  of  which  AB  and  ABj  are  the  edges,  with  one  positive 
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elecfciodd  at  A,  and  two  negative  electrodes  at  B  and  Bj  on  the  edges  of 
the  sheet. 

We  may  also  r^;ard  the  case  with  one  positive  electrode  at  the  centre 
tnd  four  negative  electrodes  at  the  comers  of  a  square  as  equivalent  to 
two  sets,  each  set  consisting  of  one  positive  and  two  negative  electrodes, 
one  on  each  side  of  it,  at  equal  distances  along  the  same  straight  line  on 
a  sheet  either  unlimited  or  limited  by  that  straight  line. 

Case  5.  The  curves  for  this  arrangement  of  electrodes  are  drawn  in 
Pbite  1.  fig.  5 ;  the  distance  from  the  positive  to  each  negative  elec- 
trode is  76  millims.,  or  3  inches,  as  in  Cases  3  and  4,  the  electrodes  being 
near  the  centre  of  a  very  large  sheet  of  tinfoil. 

Taking  the  curve  which  cuts  the  axis  at  a  distance  of  54  millims.  from 
the  centre,  and  at  distances  of  1  millim.  on  either  side,  the  distances 
r„  r/  from  the  negative  electrodes  to  the  several  points  on  the  curve 
differ  by  the  quantities  in  the  following  Table. 


Values  of  (i 

^-n'). 

53  millims. 

For  53*75  millims. 

For  54  millims. 

For  55  millims. 

106 

108 

109 

110 

105 

109 

109 

110 

104 

108 

110 

110 

104 

108 

109 

llOi 

104 

108 

112 

110 

101 

108 

114 

111 

99 

97 

The  curve  drawn  between  those  at  53  and  54  millimetres  was  drawn 
as  nearly  as  possible  at  a  distance  of  53|  millims.  from  the  centre. 

The  result  of  this  case  shows  that  in  the  case  of  one  and  four  elec- 
trodes (Plate  2.  fig.  3)  we  may  expect  the  curves  which  cut  the  axis 
at  a  distance  of  about  54  millims.  from  the  centre  to  be  hyperbolas. 
The  fifth  curve  from  the  centre  is  in  the  position  of  the  rectangular  hy- 
perbola, having  its  foci  in  the  positions  of  the  negative  electrodes ;  and 
we  find,  on  measuring  this  curve  as  well  as  the  curve  on  the  outside  of 
it,  that  near  the  vertex  the  curves  are  accurately  hyperbolas.  This  is 
also  true  of  the  corresponding  curves  in  fig.  4.  The  curves  first  drawn 
in  fig.  5  were  drawn  at  equal  distances  of  10  millims.  apart  along  the 
axis,  reckoning  from  the  centre ;  and  the  differences  of  potential  for  these 
curves,  reckoned  from  the  centre,  are  proportional  to  the  numbers 

138,  85,  88,  100,  80, 

138  including  the  effect  due  to  contact  of  the  electrode.     Other  curves 
were  afterwards  interpolated  in  the  neighbourhood  of  the  position  of  the 
rectangular  hyperbola  and  around  the  negative  electrodes. 
The  sheet  of  tinfoi]  in  the  last  three  eases  was  8u{&cieut\y  W^  Icfc 
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the  curves  in  the  neighbourhood  of  the  axis  to  be  similar  to  those  which 
could  have  been  traced  on  a  sheet  of  infinite  extent. 

The  third  equipotential  curve  from  the  negative  pole  C  is  the  rect- 
angular hyperbola,  and  its  vertex  O  divides  the  distance  AG ;  so  that 

AO  is  to  AB  as  1  to  V2. 

AO  is  equal  to  53*75  millimetres. 

Ccue  6.  Plate  2.  fig.  6  represents  the  case  of  a  circular  disk  where  the 
current  enters  at  the  edge  and  leaves  at  the  centre  of  the  disk. 

Around  the  centre  the  curves  are  very  nearly  ellipses  of  small  eccen- 
tricity, the  focus  being  at  the  centre  of  the  disk.    If  a  is  the  radius  of 

2r 
the  disk  and  r  the  distance  from  the  centre,  the  eccentricity  is  — . 

The  curve  cutting  the  axis  at  the  point  L  at  a  distance  of  16  millims., 
t.  e.  (3— 2  V2)  a  from  the  centre,  has  two  branches  cutting  one  another 
at  right  angles  at  the  point  Q,  and  each  cutting  the  edge  of  the  disk  at 
an  angle  of  45°,  the  radius  of  the  disk  being  3*75  inches. 

When  the  fixed  galvanometer-electrode  is  at  L,  it  is  difficult  to  find  a 
succession  of  points  forming  a  continuous  equipotential  curve ;  the 
tracing-electrode  may  at  one  time  be  placed  on  the  boundary  of  the 
shaded  portion  of  the  figure,  and  at  another  may  be  placed  on  the  axis 
near  the  point  Q,  without  causing  any  current  through  the  galvano- 
meter. 

On  placing  the  fixed  galvanometer-electrode  at  Q,  the  tracing-elec- 
trode marks  out  two  straight  lines  in  the  neighbourhood  of  that  point  of 
the  same  potential  as  the  point  Q,  and  each  cutting  the  edge  of  the  disk 
at  an  angle  of  45°  at  that  point. 

The  uncertainty  in  tracing  this  equipotential  curve  is  explained,  as 
will  be  presently  shown  (p.  25),  by  the  fact  that  each  of  the  galvanometer- 
electrodes  was  rather  more  than  1  millimetre  in  diameter. 

The  equipotential  curves  which  lie  further  from  the  centre  cut  the 
edge  of  the  disk  at  right  angles. 

To  determine  experimenldUy  the  Lines  of  Flow  and  the  Equipotential 
Surfaces  in  Space  of  three  dimensions. 

K  two  platinum  wires  sealed  in  glass  tubes,  with  only  a  short  piece  of 
wire  projecting  from  the  sealed  end,  be  immersed  in  a  liquid,  the  other 
ends  being  connected  with  the  poles  of  a  battery,  we  shall  have  a  close 
approximation  to  the  case  of  currents  flowing  from  one  point  to  another 
within  a  liquid ;  and  by  means  of  two  other  platinum  wires  similarly 
arranged  but  attached  to  a  galvanometer,  we  may  trace  out  the  forms  of 
equipotential  surfaces  within  the  liquid. 

If  dilute  sulphuric  add  be  employed  there  will  be  polarization  on  the 
electrodes ;  but  by  reversing  the  current  alternately,  and  making  contact 
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only  for  a  short  time,  the  polarization  may  bd  kept  small  on  the  gal- 
nmometei^lectrodes,  provided  they  are  not  moved  far  away  from  the 
aeune  equipotential  surface. 

After  a  few  preliminary  experiments  to  determine  how  far  the  method 
was  practicable,  I  began  a  definite  series  of  experiments  in  March  1872. 
For  the  experiments  in  dilute  sulphuric  acid,  in  sulphate  of  copper,  and  in 
sulphate  of  zinc,  I  have  employed  a  rectaugular  wooden  box,  1  foot  long, 
8  inches  broad,  and  8  inches  deep.  On  the  edges  of  the  box  are  &stened 
paper  millimetre-scales ;  a  piece  is  cut  out  of  the  middle  of  the  ends  of 
the  box,  and  a  sliding  piece  fitted  in  to  carry  the  battery-electrodes. 
These  sliding  pieces  are  capable  of  motion  parallel  to  the  sides  of  the 
box,  so  as  to  place  the  battery-electrodes  at  different  distances  from  one 
another  (see  Plate  1.  ^g,  8).  The  galvanometer-electrodes  were  placed 
firmly  in  brass  tubes,  which  were  accurately  placed  on  T  pieces  of  wood 
so  as  to  be  in  a  line  with  the  point  of  intersection  of  two  edges  of  the 
T  piece,  and  to  be  vertical  when  the  T  pieces  are  placed  on  the  edges  of 
the  box.  By  this  means  the  rectangular  coordinates  of  the  point  could 
at  once  be  read  off  on  the  sides  and  ends  of  the  box. 

The  first  experiments  were  made  with  the  points  at  a  depth  of 
10  centims.  below  the  surface,  the  box  being  nearly  full  of  liquid. 

In  making  the  experiments  the  current  was  reversed,  and  the  readings 
of  the  galvanometer  taken  on  both  sides  of  zero  for  each  position  of  the 
electrodes. 

The  battery  employed  was  20  Leclanche  cells,  the  resistance  of  each 
cell  being  nearly  3  ohms,  and  the  electromotive  force  about  1|  of 
Daniell's  cell.  The  strength  of  the  battery-current  was  measured  by  a 
tangent-galvanometer,  of  the  form  of  Helmholtz's  double  galvanometer ; 
the  deflection  of  the  needles  during  these  first  experiments  was  gene- 
rally 46®.  The  galvanometer-electrodes  could  be  brought  up  to  within 
1  centim.  of  the  centre  of  the  box. 

The  object  of  the  first  experiments  was  to  determine  the  changes  of 
potential  for  equal  changes  of  distance  in  a  direction  parallel  to  the  sides 
of  the  box. 

The  battery-electrodes  were  placed  at  2  millims.  distance  from  tho 
end  of  the  box,  t.  e.  at  a  distance  of  300  millims.  from  one  another. 
The  line  joining  them  was  one  axis  of  coordinates,  the  other  axis  being 
the  upper  edge  of  one  end  of  the  box.  One  of  the  galvanometer-elec- 
trodes was  placed  at  the  point  (150,  50),  and  tho  other  was  first  placed 
at  (30,  50),  and  moved  1  centim.  at  a  time  in  a  direction  parallel  to  tho 
rides  of  the  box.  The  deflections  were  taken  at  each  point,  and  are 
recorded  in  the  following  Table : — 
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Mean 

tracing- 
electrode. 

deflection 

60,30 

76 

50,40 

66 

50,50 

61 

50,60 

55 

50,70 

50 

50,80 

44 

50,90 

36 

50,  100 

30 

50,  110 

24 

50,  120 

18 

50,  130 

13-5 

50,  140 

7 

50,  150 

2-5 

Diflr. 

10 
5 
6 
5 
6 
8 
6 
6 
6 

4-5 
6-5 
4-5 


Coordinates  of 
tracing- 
electrode. 

Mean 
deflectioi 

50,  150 

2-5 

50,  160 

-   6 

50,  170 

-11-5 

50,  180 

-16 

50,  190 

--22 

50,  200 

-28 

50,  210 

-34 

50,  220 

-40 

50,  230 

-47 

50,  240 

-52 

50,  250 

-60 

50,  260 

-68 

50,  270 

-74 

50,30 

74 

50,50 

60 

50,  150 

2 

Diff. 

8-5 

5-5 

4-5 

6 

6 

6 

6 

7 

5 

8 

8 

6 


The  column  of  differences  gives  the  differences  of  potential  between 
the  equipotential  surfaces  passing  through  the  successive  positions  of 
the  tracing-electrode.  These  positions  are  points  at  equal  distances  of 
10  miUims.  apart,  along  a  horizontal  straight  line  parallel  to  the  sides  of 
the  box  at  a  distance  of  50  millims.  from  the  axis. 

The  difference  between  the  mean  and  each  of  the  two  deflections  to 
right  and  left  may  be  taken  to  be  the  current  due  to  polarization.  This 
was  very  small,  the  deflections  being  6  at  the  beginning,  6*5  at  the  middle, 
and  10  at  the  end  of  the  experiments. 

Toward  the  end  of  the  experiments,  at  (260, 60)  there  was  an  increase 
of  2  in  the  deflections  because  the  current  was  kept  on  for  five  minutes. 
From  these  results  it  appears  that  with  momentary  currents  and  reversing 
at  each  observation,  the  variation  in  the  polarization  current,  even  in 
dilute  sulphuric  acid,  may  be  kept  very  small.  The  sudden  change  in 
the  polarization  at  (50,  250)  reduced  the  deflection  of  the  tangent-gal- 
vanometer from  46®  to  41°. 

The  value  of  the  deflection  recorded  is  the  mean  of  two  or  more 
deflections  in  each  direction,  but  these  were  very  generally  the  same. 

To  reduce,  if  possible,  the  effect  of  polarization,  I  employed  sulphate  of 
copper  and  gutta-percha-covered  copper  wire  3*6  millims  in  diameter, 
with  4  millims.  projecting  beyond  the  covering  for  the  battery-electrodes. 
In  the  galvanometer-electrodes,  which  were  of  the  same  covered  wire, 
there  were  2  millims.  of  wire  projecting  beyond  the  covering ;  all  the 
electrodes  were  immersed  to  a  depth  of  75  millims.  The  battery-electrodes^ 
were  placed  at  distances  of  10  millims.  from  the  ends  of  the  box,  bo 
that  they  were  284  millims.  apart. 

The  fixed  galvanometer-electrode  was  placed  at  (162,  50) ;  then  on 
varying  the  position  of  the  other  electrode,  it  is  found  that  for  all  posi- 
tions in  a  plane  parallel  to  the  ends  of  the  box,  and  dividing  it  into  two 
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equal  parts,  there  is  no  deflection ;  but  at  (151,  50),  i.e.  at  a  distance  of 
1  millim.  from  this  plane,  there  is  a  deflection  of  10  divisions  of  the 
scale.  Hence  the  plane  which  is  equidistant  from  the  electrodes  is 
shown  to  be  an  equipotential  surface.  This  is  the  sur&ce  at  which 
the  potential  is  zero. 

Case  7.  Plate  2.  fig.  9  represents  three  sections  of  three  equipotential 
surfaces,  one  through  the  point  (50,  10),  another  through  the  point  (80, 
10),  and  a  third  through  the  point  (100, 10),  the  battery-electrodes  being 
placed  at  distances  of  10  millims.  from  the  ends  of  the  box  and  284 
millims.  apart. 

When  the  battery-electrodes  are  so  near  to  the  ends  of  the  box,  the 
distribution  of  the  electric  currents,  and  therefore  the  forms  of  the  equi- 
potential surfaces,  will  not  be  the  same  as  in  a  conductor  which  is  un- 
limited in  every  direction ;  hence  in  comparing  these  experimental  results 
with  theory  it  is  necessary  to  take  into  account  the  influence  of  the  ends 
and  sides  of  the  box. 

If  we  measure  the  distances  from  each  point  of  a  curve  to  the  battery- 
electrodes  and  to  the  positions  of  their  electric  images  due  to  the  sides 
and  ends  of  the  box,  and  if  for  each  point  we  subtract  the  sum  of  the 
reciprocals  of  the  distances  of  the  negative  electrode  and  its  images  from 
the  sum  of  the  reciprocals  of  the  distances  of  the  positive  electrode  and 
its  images,  we  get  a  series  of  numbers  which  differ  very  little  from  one 
another. 

If  r,  r',  r" . . . .  represent  the  distances  from  the  positive  electrode  and 
its  images,  and  r„  r/,  r/' ....  represent  the  distances  from  the  negative 

electrode  and  its  images,  then  S  [ J  is  very  nearly  constant  for  each 

curve. 

In  Plate  2.  fig.  9  the  negative  electrode  is  so  far  away  from  every 
point  of  the  curve,  that  all  except  one  of  the  electrical  images  at  the 
distant  end  of  the  box  have  been  neglected. 

In  the  case  of  the  curve  passing  through  the  point  (50,  10),  the  values 

of  2  ( ——  —  )  for  the  several  points  are  given  in  the  following  table  : — 

•0444 
•0443 
•0439 
•0435 
•0432 
•0433 

The  curves  are  drawn  only  on  one  side  of  the  axis ;  but  they  are 
Bymmetrical  about  the  axis,  and  also,  with  regard  to  the  plane  of  zero, 
potential. 

Treating  the  next  carve  in  the  same  way,  the  coordmatea  ol  V\i^  tofc 
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point  taken  in  this  curve  are  80,  10,  and  the  battery-electrodes  are  at 

the  same  point  as  before,  S  T  -  —  -  j  for  each  point. 


•0316 

•0310 

•0313 

•0314 

•0311 

•0312 

■0314 

•0309 

•0315 

■0312 

•0311 

•031G 

0311 

•0311 

•0319 

The  mean  value  of  2  /  -  -  -  j  =  -0313,  neglecting  all  the  images  but 

one  of  the  more  distant  electrode. 

These  images  would  diminish  the  potential  at  each  point,  but  by  very 
nearly  the  same  amount,  as  they  are  so  &r  away  from  every  point  of 
the  curve. 

Another  curve  is  drawn  on  this  Plate  through  the  point  (100,  10). 
These  three  curves  were  drawn  with  the  battery-poles  in  the  same 
positions. 

Case  8.  In  a  curve  (see  Pkte  2.  fig.  10)  drawn  through  the  point  (120, 
20),  with  the  electrodes  at  a  distance  of  80  millims.  from  the  ends  o£  the 
box,  only  the  nearest  electrical  image  was  taken  into  account :  the  values  of 

f  -  — --f  -7  j  for  the  several  points  are : — 

•0183  -0183  -0173 

•0181  ^0183  -0170 

•0183  0182  -0166 

•0182  -0182  •0167 

•0183  -0178  -0163 

•0182  ^0177  -0160 

•0183  ^0172 

In  this  case  all  the  images  except  one  are  neglected.  When  the  curve 
approaches  near  the  side  of  the  box,  as  at  these  latter  points,  it  becomes 
necessary  to  take  account  of  the  effect  due  to  the  side  of  the  box  ;  and 
the  forms  of  the  curves  are  completely  altered. 

Case  9.  In  the  experiments  with  sulphate  of  zinc  (Plate  1.  fig.  11),  the 
zinc  electrodes  were  not  immersed  to  any  considerable  depth  in  the  liquid^ 
as  in  the  other  experiments  already  described,  but  were  rounded  off  and 
immersed  to  a  depth  of  about  3  or  4  millims.,  in  order  to  make  good  contact, 
the  galvanometer-electrodes  being  somewhat  smaller  than  the  others 
and  only  just  dipping  into  the  liquid.  The  other  arrangements  were  the 
same  as  before.  No  electrical  images  were  taken  into  account,  as  the 
battery-electrodes  were  at  a  distance  of  102  millims.  from  the  ends  of 

the  box.    Taking  the  first  curve  described,  the  values  of  [  -  —  ]  f or  the 

several  points  are: — 
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•0139 

•0143 

•0142 

•0136 

•0143 

•0143 

•0137 

•0145 

•0142 

•0141 

•0146 

•0141 

•0143 

•0143 

•0138 

The  highest  numbers  are  the  values  for  points  which  are  nearest  to  the 
side  of  the  box.  The  battery-electrodes  are  100  millims.  apart,  and  equally 
distant  from  the  centre  of  the  box.  The  curve  is  drawn  through  the  point 
(180, 15). 

Plate  1.  fig.  11  also  contains  another  curve  for  sulphate  of  zinc, 
where  the  electrodes  only  just  dip  into  the  liquid,  the  battery-electrodes, 
as  before,  being  100  millims.  apart  and  equidistant  from  the  centre  of 
the  box.  The  curve  is  drawn  through  the  point  (170,  15).  Taking  the 
40  points  which  have  been  determined  experimentally  for  this  curve, 

the  values  of  ( j  are  contained  in  the  following  table,  arranged  in 


columns : — 

•0080 

•0082 

•0083 

•0079 

•0080 

•0081 

•0083 

•0078 

•0078 

•0081  . 

•0082 

•0078 

•0078 

•0081 

•0080 

•0078 

•0079 

•0081 

•0081 

•0076 

•0079 

•0081 

•0081 

•0077 

•0079 

•0081 

•0080 

•0076 

•0080 

•0081 

•0079 

•0076 

•0081 

•0082 

•0079 

•0074 

•0082 

•0083 

•0079 

•0074 

The  last  points  taken  on  the  curve  are  nearer  to  the  side  and  also  to 
the  end  of  the  box  than  to  the  nearest  electrode  ;  hence  for  these  points 
corrections  should  be  applied  depending  on  the  changes  of  potential  duo 
to  the  side  and  end  of  the  box. 

It  also  appears  very  clearly  from  this  s^es  of  values  that,  by  re- 
versing the  battery-current  at  each  observ^yQn^  the  polarization  of  the 
galvanometer-electrodes  may  be  kept  gf^u  and  very  nearly  constant 
throughout  a  long  series  of  experimenj{^. 

Expervmenis  w^j^  Linear  Electrodes. 
Case  10.  The  rectangular  bo^^^^g  ^igo  employed  to  determine  the  forms 
of  the  cylindrical  equipotentij^  graces  when  the  electrodes  are  straight 
rods  and  extend  throughout  tL^  depth  of  the  liquid.  Sulphate  of  zinc  was 
employed  for  these  experirLnts,  and  the  electrodes  were  amalgamated 
zinc  rods.  Plate  2.  fig.  12  frepresents  the  sections  of  the  equipotential 
sor&oes  when  one  battery-elig^trode  is  at  A,  the  centre  of  the  box,  and 
the  oUier  at  B,  the  mjddle  /f^^Q^  ^f  ^jje  side.  r  f^c^n\o 
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These  electrodes  are  100  millims.  ^art.  The  galvanometer-electrodes 
in  these  experiments  could  not  be  brought  within  less  than  5  millims.  of 
tlie  axis  of  the  curves. 

The  curves  drawn  represent  the  sections  of  equipotential  cylindrical 
surfaces  which  are  at  (Hstances  of  10  millims.  apart,  measured  along  a 
line  which  is  parallel  to  and  5  millims.  distant  from  the  axis. 

The  case  of  a  circular  cylinder  contfuning  sulphate  of  copper,  with  the 
battery-electrodes  at  the  two  ends  of  a  diameter,  has  also  been  worked 
out  experimentally ;  and  the  equipotential  surfaces  are  circular  cylinders 
cutting  the  sides  of  the  vessel  at  right  angles.  Mercury  was  tried  for 
these  experiments ;  but  from  its  almost  perfect  conducting-power  it  was 
very  difficult  to  determine  two  vertical  lines  in  it  which  were  precisely  of 
the  same  potential. 

Case  11.  Another  case  was  worked  out  experimentaUy  with  line^lec- 
trodes  in  sulphate  of  zinc.  One  positive  electrode  was  placed  at  the  middle 
point  of  one  side  of  the  rectangular  box,  and  two  negative  electrodes  were 
placed  symmetrically  at  the  same  dbtance  from  the  positive  electrode ;  so 
that  the  lines  joining  the  positive  to  the  two  negative  electrodes  were  at 
right  angles  to  one  another.  This  corresponds  to  the  case  drawn  in 
Plate  2.  fig.  4  ;  and  the  sections  of  the  surfaces  at  points  which  are  not 
near  the  side  of  the  box  are  the  same  as  the  curves  in  figs.  3  or  4  of 
Plate  2.  Having  previously  defcermined  the  forms  of  these  curves  in  the 
tinfoil  experiments,  it  was  very  easy  to  move  the  tracing-electrode  from 
one  point  to  another  on  the  same  equipotential  curve,  by  making  use  of 
the  curves  previously  drawn  as  guides  for  the  electrode. 

Comparison  of  Experimental  results  with  the  Theory  of  Electrical  Distribution. 

To  examine  the  forms  of  the  equipotential  curves  and  surfaces  with  a 
view  to  determine  how  &r  the  results  of  experiment  agree  with  and  are 
accounted  for  by  the  theory  of  distribution  of  electricity  in  a  plane  and 
in  space  of  three  dimensions,  take  first  the  case  of  a  plane  of  unlimited 
extent  in  every  direction,  when  two  battery-electrodes  are  joined  to  two 
points  in  the  plane,  so  that  there  are  equal  and  opposite  currents  at 
those  points.  The  potential  at  any  point  P  of  the  plane  is  equal  to 
C— A  (log  r-log  Tj),  where  r,  r,  are  the  distances  of  the  point*  P  from 
the  two  battery-electrodes  A  and  B.  Hence  the  condition  for  an  equi- 
potential curve  is  log  r — log  r^s:  log  c,  or  r  =  cr^,  where  c  is  some  constant. 
This  equation  indicates  that  the  bisector  of  the  angle  at  any  point  P 
between  the  lines  r  and  r,  cuts  the  line  joining  the  two  battery-electrodes 
in  the  same  point,  which  is  a  point  on  the  equipotential  curve. 

If  2a  is  the  distance  between  the  electrodes,  the  distances  from  A  and  B 

to  this  intermediate  point  are  - —  and .    The  locus  of  the  point  P 

^  1+c         1+c  ^ 

is  a  circle  whose  diameter  is  - — -^,  and  whose  centre  is  on  AB  produced. 
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If  we  refer  this  circle  to  rectangular  coordinates  with  the  axis  of 
5  equidistant  from  A  and  B,  then  its  equation  is 

(^— a)«+/=c*{(ar-ha)»+y'}, 

U  ,-.,«„.l±.Va.|-T«, 

gi\-ing  the  points  where  any  equipotential  curve  cutfl  the  axis. 

The  point  B  is  the  electrical  image  of  A  with  regard  to  each  of  these 
circles ;  for  if  O  be  the  centre  of  one  of  the  circles, 


OA  .  OB 


_/2ae  V 


The  lines  of  flow  cut  the  equipotential  curves  at  right  angles,  or  the 
nulius  of  one  of  these  circles  is  the  tangent  to  a  line  of  flow ;  hence  it 
fdlowB  (Euclid,  Book  UI.  Prop.  8)  that  the  lines  of  flow  are  arcs  of 
circles  passing  through  the  points  A  and  B,  the  positions  of  the  elec- 
trodes. This  result  may  be  arrived  at  by  a  method  which  is  also  appli- 
cable to  the  case  of  unequal  charges  at  several  points  In  a  plane. 

Let  lis  take  the  equation  to  the  equipotential  curves  in  the  form 
(jF-a)*-fy^=c*{(a:-fa)^+y^}.     Differentiating  and  eliminating  c  we  get 

(.-«)+yg_(.+a)+y| 

{x-ay+,/         (x+a)»+y» 

The  lines  of  flow  cut  the  equipotential  cunes  at  right  angles ;  hence  for 
a  line  of  flow 

Integrating  this  equation,  we  get 

tan~*  -^-  —  tan"^  -JL—  =  constant, 

showing  that  the  lines  of  flow  are  circles  passing  through  the  positions 
o£  the  two  electrodes.  Comparing  this  result  \iith  the  curves  drawn  by 
experiment  in  Plate  1.  fig.  1,  we  see  that  for  all  parts  of  the  disk  which 
may  be  considered  to  be  beyond  the  influence  of  the  edge  of  the  disk, 
there  is  a  very  close  agreement  between  theory  and  experiment ;  and  the 
influence  of  the  edge  of  the  disk  will  be  such  that  the  equipotential 
curves  will  cut  the  edge  of  the  disk  at  right  angles. 

When  the  conducting-sheet  is  not  of  infinite  extent,  but  of  very  con- 
siderable extent  in  every  direction,  the  expression  C— A  (log  r — log  rO  will 
itill  be  a  close  approximation  to  the  potential  at  any  point,  provided  the 
electrodes  are  not  far  from  the  centre  of  the  sheet.    Honce  on  ^\xe\i  \)i 
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sheet  under  these  conditions  the  portions  of  equipotential  curves  and 
lines  of  flow  which  are  not  near  the  edges  of  the  sheet  will  be  very 
nearly  circular.  This  we  have  seen  to  be  the  case  in  the  experiments  on 
tinfoil  (see  Plate  1.  fig.  1). 

When  the  lines  approach  near  the  edge  of  the  disk,  or  when  the  elec- 
trodes are  near  the  edge,  then  the  form  of  the  equipotential  curve  is 
generally  altered,  because  the  edge  of  the  disk  will  generally  cut  some  of 
the  lines  of  flow  of  the  infinite  plane.  We  may  conceive  of  the  lines  of 
flow  as  distinct  from  one  another,  but  as  filling  up  the  whole  of  the 
disk ;  if,  then,  we  make  a  section  of  the  disk  along  a  line  of  flow  we  do 
not  alter  the  distribution  of  electricity  on  the  disk,  and  so  do  not  alter 
the  forms  of  the  equipotential  curves.  But  in  that  case,  since  the  two 
parts  of  the  disk  are  entirely  separate  from  one  another,  one  of  the  parts 
may  be  taken  away  without  causing  any  change  in  the  law  of  distribution 
of  the  electric  currents  in  the  other. 

If,  then,  we  cut  away  from  an  indefinite  sheet  a  portion  which  is 
bounded  by  lines  of  flow,  we  shall  not  alter  the  form  of  the  equipotential 
curves ;  but,  since  we  thereby  increase  the  resistance  of  each  portion,  we 
shall  increase  the  difference  of  potential  between  the  two  electrodes, 
and  the  distances  between  successive  equipotential  curves  corresponding 
to  given  differences  of  potential  will  be  diminished. 

The  straight  line  joining  the  battery-electrodes  is  a  line  of  flow ;  hence 
when  the  electrodes  are  on  one  edge  of  a  sheet  which  is  imlimited  in  all 
directions  but  one,  the  equipotential  curves  are  still  arcs  of  circles 
having  their  centres  on  the  straight  edge  of  the  disk;  or  if  a  portion  of 
the  disk  bounded  by  this  edge  and  by  the  arc  of  a  circle  which  passes 
through  the  two  electrodes  be  cut  out,  the  forms  of  the  equipotential 
curves  in  this  portion  will  be  arcs  of  circles  with  their  centres  on  the 
straight  edge. 

The  same  will  apply  to  any  portion  bounded  by  the  arcs  of  two  circles 
passing  through  the  two  electrodes  ;  so  that  on  a  circular,  disk  with  the 
two  electrodes  on  the  circumference,  the  circular  boundary  of  the  disk 
will  be  two  lines  of  flow,  and  the  equipotential  curves  which  cut  them  at 
right  angles  will  also  be  circles  with  their  centres  on  the  straight  line 
passing  through  the  two  electrodes*.     One  of  the  electrodes  will  be  the 

*  [July  23. — This  case  has  been  worked  out  experimentally  by  M.  Kirch- 
hoff  by  joining  the  galvanometer-wires  to  t\*'o  points  of  the  plane  sheet 
which  are  at  different  potential,  and  balancing  the  current  which  would 
flow  through  those  wires,  by  introducing  a  thermoelectric  pile  into  the 
galvanometer-circuit.  M.  Verdet  says :  "  M.  Kirchhoff  n  a  ^tudi^  par 
Texp^rience  que  le  cas  d'une  plaque  circulaire  communiquant  par  deux 
points  de  sa  drconference  atec  les  r^phores  d'une  pile."  M.  Kirchhoff 
used  a  copper  disk,  and  from  its  being  a  good  conductor  was  unable  to 
determine  its  resistance.  M.  Yerdet  also  adds  that  M.  Quincke  worked 
out  the  case  of  a  square  disk  with  one  battery-pole  at  a  comer  and  the 
other  on  a  diagonal  of  the  square.    These  two  are  the  only  cases  con- 
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electrical  image  of  the  other  with  regard  to  these  circles.  This  has  also 
been  proved  to  be  the  case  by  the  experiments  (see  Plate  2.  ^g.  2). 

If  in  an  infinite  plane  there  be  any  number  of  electrodes,  the  equi- 
potential  carves  and  lines  of  flow  may  be  drawn  by  the  method  explained 
by  Professor  Maxwell  *,  by  drawing  circles  of  equal  differences  of  poten- 
tial around  each  charge,  and  joining  their  point  of  intersection  in  such  a 
way  that  for  all  the  points  taken  the  sum  of  the  potentials  is  constant. 

The  potential  at  any  point  of  the  plane  is  C+A  log  r+B  log  r'— E 
^Og  »"i — P  log  r/-f  Ac.,  where  r,  r',  r^,  r^  are  the  distances  of  the  point 
from  the  several  electrodes. 

In  the  case  where  the  currents  are  equal  at  the  several  points  the 

(r   r    r^'         \ 
-, — jT^-^  1.   Hence  for  an  equipotential  curve 

we  must  have 

rr'r"  ...  ^  c  r,r;  r^'  .  .  ., 

or  Ic^  r+log  r'  +  log  r"-log  r^-log  r/  -log  r/'=log  c. 

By  differentiating  and  finding  the  curves  which  cut  these  at  right 
angles  we  shall  find,  as  on  p.  13,  that  the  equation  to  a  line  of  flow  is 
of  the  form 

S  I  tan-*  (l^Vtan-^  {^-^\  }  =constant, 

or  S  (0—6i)= constant. 

When  currents  flow  into  and  out  of  a  plane  conducting-sheet  at  several 
points  of  it,  the  potential  at  any  point  of  the  sheet  is 

C+A  log  r+B  log  r'-E  log  r^-F  log  r^+Ac., 
where  A,  B,  &c.  are  proportional  to  the  quantity  of  current  flowing  into 
the  sheet,  and  £,  E,  <Sbc.  to  the  quantity  flowing  out  at  the  several  bat- 
tery-electrodes. In  the  case  of  battery-electrodes  where  there  is  no  loss 
of  current  from  the  conducting-sheet,  these  currents  may  always  be 
di\ided  up  into  a  series  of  pairs  of  equal  and  opposite  currents,  so  that 
there  will  be  an  equal  number  of  positive  and  negative  terms.     If,  then, 

toined  in  this  paper  which  have  been  previously  worked  out  experimen- 
tally. The  case  worked  out  by  M.  Quincke  is  shown  to  be  the  same  as  that 
(Plate  2.  fig.  3)  of  one  positive  electrode  at  the  centre  and  four  negative 
electnxles  at  the  four  comers  of  a  square  in  the  centre  of  a  sheet  of  tinfoil 
which  is  so  large  compared  with  the  size  of  the  square,  that  it  may  be 
considered  of  unlimited  extent.  Some  other  cases  of  limited  sheets, 
with  other  arrangements  of  electrodes  so  as  to  give  the  same  curvjBS, 
have  also  been  considered  in  this  paper.  Since  this  paper  was  read  before 
the  Boyal  Society,  P^f.  Qt.  C.  Foster  has  given,  m  the  *  Philosophical 
Magazine'  for  May  and  June  1876,  an  account  of  the  work  which  had  been 
previously  done  on  this  subject,  in  which  he  draws  attention  to  an  inter- 
esting paper  on  the  theory  of  lines  of  flow  in  a  plane,  by  Prof.  W.  E. 
Smith,  published  in  the  Proceedings  of  the  Eoyal  Society  of  Edinburgh 
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currents  at  the  several  electrodes  are  all  equal,  then  for  an  equipotential 
curve  we  shall  have 

r  r'  r"  .  .  ,^er^  r/  r/'  .  .  . 

If  the  current  enters  at  one  point  and  leaves  by  four  currents  equal 
to  one  another,  then 

r^zscr  r'  r"  r'". 

r  — o  r^  r^    r^     r^     . 

We  have  an  instance  of  this  case  (Plate  2.  fig.  3)  when  a  current  enters 
a  very  large  sheet  of  tinfoil  at  the  centre,  and  leaves  by  the  four  corners 
of  a  square  round  this  electrode  as  a  centre. 

When  a  current  enters  a  conducting-sheet  by  one  point  and  leaves  in 
equal  currents  by  two  others,  the  equation  to  an  equipotential  curve 
becomes 

where  r  is  the  distance  from  the  positive  electrode,  and  r^,  r/  the  dis- 
tances from  the  negative  electrodes  to  any  point  of  the  curve. 

In  the  particular  case  when  c=l,  and  when  the  electrodes  are  all  in 
the  same  straight  line,  this  becomes  a  rectangular  hyperbola,  the  foci  of 
which  are  the  positions  of  the  negative  electrodes,  and  the  positive  elec- 
trode is  at  the  centre  of  the  hyperbola. 

This  is  the  case  which  is  given  in  fig.  6,  as  worked  out  experimentally, 
where  the  focal  distance  of  the  hyperbola  is  76  millims.,  and  its  vertex  is 

at  a  distance  from  the  centre  equal  to  53-75  millims.,  ».  e.  very  nearly  —p=. 

X  76  millims.  The  measured  values  of  r^—r^\  starting  from  the  axis  for 
six  successive  points  some  millims.  apart  from  one  another,  are  108, 109, 
108,  108,  108,  108  millims.  The  theoretical  value  for  this  difference  is 
107*5  millims. 

TJie  TTieory  of  Electrical  Images. 

When  there  are  four  equal  electrodes  with  currents  entering  the  sheet 
by  two  of  them  and  leaving  by  the  other  two,  we  have 

rr  ^c  Tj  f  J . 
Consider  the  case  when  these  four  electrodes  lie  on  the  circumference  of 
a  circle.     Join  each  pair  of  like  electrodes  by  straight  lines,  and  produce 
the  chords  of  the  circle  so  joined  to  meet  one  another. 

Let  AAj,  BB,  be  these  chords  meeting  in  C.  Then  the  potential  at  the 
point  C  is 

c+A{log  (OA.CA^)-log  (CB.CBi)}=c. 

Fig.  1. 
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Draw  round  C  as  centre  the  circle  which  cuts  the  circumference  of 
A  Aj  Bj  B  at  right  angles,  and  let  it  cut  the  circle  in  H  and  K,  and  the 
ch^Mils  in  E  and  E^. 

Then  CA .  CAj=:CE*=CK', 

and    CB.CB,=:CE\=CH». 

If  the  value  of  the  constant  e  is  zero  in  the  above  expression,  then 
the  centre  C  is  a  point  of  zero  potential. 

If  we  produce  the  other  two  chords  of  the  circle  to  meet  in  the  point  O, 
and  take  a  point  D  in  AB,  such  that  OA .  OB=OD',  and  draw  a  circle 
about  O  with  OD  as  radius,  then  this  circle  is  an  equipotential  cune  for 
the  four  electrodes  A,  A^,  B,  Bj.  For  if  P  be  any  point  of  this  circle, 
then  PB:PA::DB:DA, 

and  PB^ :  PA^ : :  D,B, :  B^A, : :  DB, :  DA^. 

But  the  potential  at  any  point,  P,  due  to  the  four  electrodes  is 

hence  on  tlie  circle  DD^  this  becomes 

.  ,  „ /DA . DA A 

which  is  the  same  as  the  potential  at  the  point  D. 

Fig.  2. 


Since  DA:DB::OD:OB, 

and  D,A, :  D,B, : :  OA, :  0D„  or  : :  OD, :  0B„ 

the  potential  at  D  is 

These  results  show  that  the  circle  through  DD,  is  an  eguipoteTAmY 
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curve  for  the  four  equal  electrodes  A,  A^  B,  B^ ;  also  that  the  potential 
at  any  point  of  this  circle  is  the  same  as  the  potential  at  the  centre  O 
would  be  if  there  were  only  a  positive  electrode  at  A  and  a  negative 
electrode  at  Bj,  which  is  the  same  as  one  half  the  potential  at  the  centre, 
O,  due  to  the  four  electrodes. 

If  we  take  two  of  these  electrodes,  B,  B^,  and  through  C  draw  another 
chord  through  two  other  electrodes  on  the  circle,  and  draw  the  equi- 
potential  circle  for  this  set  of  four  electrodes,  we  shall  find  that  all  such 
circles  cut  both  the  circles  AA^B  and  £E^  mutually  at  right  angles,  and 
that  the  circle  ££j  is  a  line  of  flow  for  all  such  systems  of  four  elec- 
trodes on  the  circle  AA^,  BjB. 

The  circles  DDp  EE^  and  AA^B  will  intersect  mutually  at  right 
angles. 

This  will  appear  if  it  is  shown  that  AA,  and  BB,  intersect  on  the 
common  chord  of  the  circles  DD^  and  AA^B  ;  for  in  that  case  the  tan- 
gent to  DDj  drawn  from  C  is  equal  to  the  radius  of  EE^. 

Let  the  circle  AA^B  be  referred  to  two  tangents  through  the  point  C 
and  their  common  chord  (y=0)  ;  then  its  equation  is  a/3— y^ssO. 

Let  fi'a— /3==0  and  X'a— /3  =  0  be  the  equations  to  the  two  lines  CAA^ 
and  CBBj. 

We  may  call  the  points  A,  A^,  B,  B^,  the  points  /i,  -/i,  X,  —X. 
The  equation  to  the  chord  joining  ft  and  X  is 

X^a-(X+,i)y+iS  =  0, 

and  the  equation  to  the  chord  joining  —  fi  and  —X  is 

Xfia-i-iX-^fi)  y+/3=:0. 

These  intersect  on  the  line  yaO  where  it  meets  X/ia  4-/3=0. 
The  equations  to  the  tangents  through  this  point  are 

X/ia-2Vx^y+/3  =  0 
and  X/i«4-2Vx)r.y-f/3«0, 

which  touch  the  circles  at  the  points  Vx^i  and  ^  VX/i. 
The  equation  to  the  chord  joining  these  points  is 

X;ia-/3»0, 

which  passes  through  the  point  (a,  0). 

The  circle  HEK  is  a  Use  oi  flow  for  any  such  system  of  four  equal 
electrodes  as  A,  A„  B,  B,,  lying  on  a  circle  which  cuts  the  circle  HBK 
at  right  angles. 

A  particular  case  of  this  arises  when  two  of  the  electrodes  of  the  same 
kind  as  A  and  A,  approach  to  and  ultimately  coincide  \^ith  K ;  then  the 
current  at  K  is  double  each  of  the  currents  at  B  and  B^.  The  two  lines 
of  flow,  HEK  and  KBBp  intersect  at  right  angles  at  the  point  K,  and 
the  equipotential  circle  DD^  diminishes  to  a  point. 

Since  the  circle  HEK  is  a  line  of  flow,  we  may  cut  the  conducting 
sheet  along  the  arc  of  this  circle  without  changing  the  form  of  the  equi- 
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potential  carves.  If,  then,  at  two  points  A  and  B,  on  a  circular  disk  HEK, 
we  have  two  equal  and  opposite  battery-electrodes,  the  equipotential 
curres  will  be  the  same  as  the  equipotential  curves  in  an  infinite  sheet 
which  are  due  to  those  two  electrodes,  together  with  equal  and  like  elec- 
trodes at  their  electrical  images  with  regard  to  the  circle*. 

Extension  of  the  Theory  of  Electrical  Images. 

We  have  seen  that  when  the  boundary-line  of  a  disk  is  made  up  of 
arcs  of  circles  passing  through  the  two  battery-electrodes,  then  the  forms 
of  the  lines  of  flow  will  be  the  same  as  in  an  infinite  sheet ;  and  conse- 
quently the  forms  of  the  equipotential  curves  are  arcs  of  cirdes. 

We  have  also  seen  that  when  the  boundary  of  the  disk  is  a  circle,  and 
the  two  electrodes  lie  within  it,  the  forms  of  the  lines  of  flow  will  be 
altered  because  of  the  presence  of  the  edge  of  the  disk ;  and  the  change 
in  the  electrical  distribution  will  be  that  due  to  equal  quantities  of  elec- 
tricity in  the  position  of  the  electrical  images  of  the  electrodes  formed 
bj  the  edges  of  the  disk.  If  from  a  circular  disk  with  two  equal  battery- 
electrodes  lying  within  it,  we  cut  off  a  portion  bounded  by  the  arc  of  that 

•  [Julfj  23.— That  the  circle  HEK  is  a  line  of  flow  for  the  four  elec- 
trodes may  be  readily  seen  if  we  resolve  the  rate  of  flow  at  any  point,  Q, 
of  the  circumference  of  this  circle  in  the  direction  of  the  ramus  at  that 
point.  As  shown  by  Prof.  W.  E.  Smith,  the  rate  of  flow  arising  from 
each  electrode  is  inversely  as  the  distance  from  the  electrode. 

Let  CAssQj,  CA^=aj,  AQ=r,  AjQ=r',  and  p  the  radius;  then,  ac- 
cording to  Prof.  Smith*s  notation,  the  resolved  part  along  the  radius  from 
the  two  like  electrodes  A  and  A,  will  be 

%cr  2rp       ■^2irr'  2r'p        ' 

2rp+4^{V-+V"r 

but  'l^PjliL^ll?, 

r     «,-p     «i+P 

90  that  rl=e!zf^'.thereforeHl^"+e^=^'  =  0. 


E 
Hence  the  rate  of  flow  along  the  radius,  viz.  -— ,  is  the  same  as  if 

diWp 

there  were  an  equal  electrode  at  C. 

In  the  same  way  it  may  be  shown  that  the  rate  of  flow  along  the 
radius  arising  from  the  other  two  electrodes  is  the  same  in  quantity,  but 
in  the  opposite  direction. 

Hence  there  is  no  flow  along  the  radius  at  the  point  Q  when  there  are 
two  equal  positive  electodes  at  A  and  Aj,  and  two  other  equal  negative 
electrodes  at  B  and  B  . 

So  that  at  every  pomt,  Q,  of  the  circle  HEK  the  circumference  oi  the 
circle  must  be  the  lin^.o/i^^iF.J  ..tizedbyG^Ogle 


20 


Prof.  W.  G.  Adams  on  the  Forms  of 


circle  which  passes  through  the  two  electrodes  and  cuts  the  circular  disk 
at  right  angles,  we  shall  not  alter  the  forms  of  the  equipotential  curves 
within  either  of  the  separate  disks  bounded  by  the  arcs  of  these  two 
circles. 

In  all  these  cases  the  boundary-line  will  be  made  up  of  lines  of  flow,  and 
the  equipotential  curves  will  generally  cut  the  edge  of  the  disk  at  right 
angles.  Or  if,  in  an  unlimited  sheet,  each  of  two  battery-electrodes  be 
divided  into  two,  so  that  equal  currents  flow  through  each  point,  and  if 
these  four  electrodes  be  so  arranged  that  they  all  lie  on  the  circumfer- 
ence of  a  circle,  then  the  forms  of  the  equipotential  curves  will  be  the 
same  as  in  the  case  of  a  circular  disk  which  has  its  centre  at  the  point  of 
intersection  of  the  chords  joining  the  two  positive  electrodes  and  the 
two  negative  electrodes  respectively,  and  whose  radius  is  equal  to  the 
tangent  drawn  from  this  point  to  the  circle  on  which  the  electrodes  lie. 
In  the  case  of  the  circular  disk,  the  positive  electrode  outside  the  disk 
becomes  the  virtual  electric  image  of  the  other  positive  electrode,  and  the 
outside  negative  electrode  becomes  the  electric  image  of  the  other  nega- 
tive electrode.  The  edge  of  the  disk  cuts  the  other  circle  at  right  angles, 
and  is  a  line  of  flow  for  the  four  equal  electrodes  in  the  unlimited  sheet. 
Hence  no  alteration  is  made  in  the  forms  of  the  lines  of  flow  by  cutting 
the  sheet  along  this  edge. 

This  will  apply  to  the  case  of  any  two  unlike  equal  electrodes  within 
a  circular  disk  when  there  are  any  number  of  electrodes  connected  with 
the  disk ;  for  if  we  take  all  these  electrodes  and  their  electric  images, 
and  suppose  them  to  be  kept  continually  charged,  each  image  like  its 
point,  then  in  the  unlimited  sheet  the  line  in  the  position  of  the  edge  of 
the  disk  will  be  a  line  of  flow  for  every  set  of  two  unlike  electrodes  and 
their  images,  and  therefore  for  all  of  them  when  taken  together. 

Hence,  by  cutting  along  the  edge  of  the  circular  disk  to  which  such 
images  are  due,  no  change  is  made  in  the  lines  of  flow  or  in  the  equi- 
potential curves.     In  fig.  3,  A  and  C  are  like  electrodes. 

When  the  currents  entering  or  leaving  the  disk  at  the  several  elec- 
trodes are  not  all  equal,  since  the  sum  of  the  currents  entering  the  disk 
must  be  equal  to  those  leaving  it,  they  may  all  be  divided  up  into  sets  of 

Fig.  3. 


two  unlike  equal  currents ;  and  hence  for  all  cases  of  currents  entering 
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ftod  leaTing  a  circalar  disk,  the  edge  is  in  the  position  of  a  line  of  flow 
for  aQ  the  electrodes  and  their  images  in  the  unlimited  sheet.  At  an 
electrode  and  its  image  the  currents  are  equal,  and  must  be  supposed  to 
be  both  entering  or  both  leaving  the  sheet. 

In  the  case  when  the  two  equal  sets  of  two  unlike  electrodes  in  the 
unlimited  sheet  lie  at  the  corners  of  a  rectangle,  then  the  straight  lines 
joining  the  like  poles  are  bisected  at  right  angles  by  a  straight  line,  which 
is  a  line  of  flow. 

Hence,  if  the  sheet  be  cut  along  this  straight  line,  no  alteration  is 
made  in  the  lines  of  flow  on  either  side  of  it ;  and  the  pair  of  unlike 
electrodes  on  one  side  of  it  become  the  images  of  the  electrodes  on  the 
other  side. 

In  the  case  of  a  plane  sheet  limited  by  two  lines  at  right  angles,  three 
electrical  images  of  each  electrode  will  be  formed  by  the  two  rectangular 
intersecting  sides ;  and  these  images  will  be  arranged  in  a  circle  about  the 
point  of  intersection,  in  the  same  positions  as  the  optical  images  formed 
by  two  plane  mirrors  at  right  an^es  to  one  another. 

The  equipotential  curves  in  this  case  will  be  the  same  as  those  in  an 
infinite  sheet  when  there  are  four  equal  electrodes  of  each  kind — the  four 
positive  electrodes  taking  the  positions  of  the  one  positive  electrode  and 
its  three  images,  and  the  four  negative  electrodes  being  similarly  placed. 

A  particular  and  an  interesting  case  arises  when  one  of  the  electrodes 
is  on  the  edge  of  the  circular  disk ;  the  electric  image  of  this  electrode 
then  coincides  with  the  electrode  itself ;  and  the  case  in  an  imlimited 
sheet  which  corresponds  to  this  is  that  where  a  current  enters  the  sheet 
at  one  point,  and  leaves  it  by  equal  currents  at  two  other  points,  the 
three  points  lying  on  a  circle  which  touches  the  radius  of  the  disk,  i.  e, 
cuts  the  disk  at  right  angles,  at  the  point  where  the  current  enters  the 
sheet. 

Fig.  4. 


When  a  current  enters  a  circular  disk  at  one  point  on  the  edge,  and 
leaves  it  by  equal  conents  at  two  other  points,  the  corresponding  case  in 
an  unlimited  sheet  is  that  where  a  current  enters  the  sheet  at  onQ  i^lwt 
toid  kBvea  bf  egaaJ  cumnts  at  {our  other  points  l^^g^two  tti^t^OQiTV 
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circles  which  touch  one  another  at  the  point  where  the  current  enters 
the  sheet  (fig.  4). 

If ,  in  an  indefinite  sheet  (Plate  2.  fig.  3),  one  of  the  battery-electrodee 
be  separated  into  four  parts  and  attached  to  the  tinfoil  at  the  four 
comers  of  a  square,  and  if  the  other  battery-electrode  be  attached  at  the 
centre  of  the  square,  then  the  current  at  the  centre  will  be  four  times 
the  current  at  each  comer  of  the  square  ;  and  the  forms  of  the  equipo- 
tential  curves  will  be  the  same  as  when  there  are  only  two,  unlike  equal 
electrodes  in  a  sheet  limited  in  two  directions  by  straight  lines  meeting 
at  the  centre  and  parallel  to  the  sides  of  the  square,  the  three  elec- 
trical images  in  the  limited  sheet  being  in  the  same  positions  as  three  of 
the  electrodes  in  the  unlimited  sheet. 

This  is  a  particular  case  of  the  last,  when  an  electrode  and  its  image 
lie  at  the  ends  of  a  diameter  of  the  circle,  and  are  equally  distant  from 
the  point  at  which  the  current  enters  the  sheet  (fig.  5). 


Kg.  5. 
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The  case  with  one  positive  electrode  at  the  centre  and  four  negative 
electrodes  at  the  comers  of  a  square  in  an  unlimited  sheet  may  aJso  be 
regarded  as  equivalent  to  two  sets  of  electrodes,  each  set  consisting  of 
one  positive  electrode  at  the  comer  of  a  square  and  two  negative  elec- 
trodes at  equal  distances  along  the  two  edges  measured  from  that  comer 
when  the  sheet  is  cut  along  these  two  edges. 

The  curves  are  also  the  same  as  in  a  sheet  limited  by  ti^o  edges  at 
right  angles  to  one  another,  when  one  electrode  is  at  the  comer  and 
the  other  on  the  diagonal  of  the  square  sheet,  the  electrodes  being  at  the 
same  distance  as  in  the  two  previous  cases. 

The  curves  in  Plate  2.  fig.  4  are  drawn  on  such  a  sheet  with  one  posi- 
tive electrode  at  A  and  a  negative  electrode  at  B,  at  a  distance  of  3  inches 
from  A,  the  whole  sheet  of  tinfoil  being  18  inches  square. 

It  may  also  be  regarded  as  a  particular  case  of  two  sets  of  electrodes 
in  an  unlimited  sheet,  where  there  are  three  electrodes  in  each  set  at 
equal  distances  along  the  same  straight  line,  the  current  entering  at  the 
middle  one  and  flowing  out  at  the  other  two  electrodes.    Since  the  circle 
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is  not  a  line  of  flow  for  such  a  system  of  electrodes,  we  cannot  have  this 
system  of  equipotential  carves  and  lines  of  flow  in  a  circular  disk. 

A  particular  solution  of  this  case,  the  equipotential  curve  for  zero 
potential,  is  a  rectangular  hyperbola,  having  its  centre  and  two  f  od  at 
the  Uiree  etedaodes  (see  Plate  1.  fig.  6). 

In  the  case  of  a  circular  disk  the  electric  image  oE  the  centre  may  be 
regarded  aa  a  point  at  an  infinite  distance,  so  that  the  distance  of  the 
image  from  any  point  of  the  circular  disk  remains  constant. 

Ify  then,  one  electrode  be  at  the  centre  and  the  other  at  the  drcum- 
forence  of  a  circular  disk  (Plate  1.  fig.  6),  the  corresponding  case  in  the 
unlimited  sheet  is  that  where  the  current  flowing  in  at  the  circumference 
is  double  the  current  flowing  out  at  the  centre,  we  may  conceive  of  it  as 
a  case  where  there  is  one  electrode  at  an  infinite  distance,  equal  to  and 
of  like  kind  with  the  electrode  at  the  centre. 

In  such  a  case  the  potential  at  any  point  is  expressed  by 
C+Alogr— 2Alogrj 

Hence  for  an  equipotential  curve 

r^  a  2f»arf 

where  a  is  the  radius  of  the  carde  (whidi  b  introduced  for  the  sake  of 
making  the  equation  homogeneous),  and  fi  b  some  ratio  which  is  con- 
stant for  the  same  curve. 

With  polar  coordinates  about  the  centre,  taking  a  as  the  radius  of  the 
circle,  we  get 

f'+o*— 2ttrcos  0a2;iar, 
r*-.2ar  (ft+cosfl)+o*-:0 

If  /I  a  or  >2,  the  curve  is  a  closed  curve,  and,  when  r  is  small  com- 
pared with  a,  the  curve  nearly  coincides  with  an  ellipse  of  eccentricity 

-  and  mean  distance   y    ^  : 
f*  /I'-l 


2aJl^lcoBd\ 

Hence  -^  expresses  the  percentage  of  error  in  the  value  of  r  if  the 

ellipse  be  taken  instead  of  the  curve. 

In  a  circular  disk  of  100  millims.  in  radius  the  distance  between  the 
curve  and  the  ellipse  at  a  distance  of  25  millims.  from  the  centre  of  the 
disk  is  only  about  1*5  millim. 

When  fA  is  less  than  2  and  greater  than  (\/2— 1),  the  curves  are  of 
double  curvature,  and  have  points  of  inflection. 

From  the  equation  of  the  curve  we  obtain 

fr-aO,+ccs0)}^+ar  sin  6=^9,,,  ,,GoOgle 
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If  reza,  then  /i  +  cos  d=l, 

dd 
Hence  r  ,—=0;  and  the  curves  generally  cut  the  edge  of  the  disk  at 

right  angles. 

When  fji=2  and  cos  6=  - 1,  then  the  two  branches  of  the  curve  meet 
on  the  edge  at  the  extremity  of  the  diameter  through  the  two  poles. 

On  this  curve 


^^^  V(2  +  cose)'-l_V(l  +  cosQ)(3-fcos(^)^      /S+costf 
'dr  sin  6  "*  sin  6  V    l-co8»' 

Hence  when  cos  0=  — 1, 

and  the  two  branches  of  the  curve  are  each  inclined  at  an  angle  of  45^ 
to  the  edge  of  the  disk. 

The  polar  equation  to  this  curve  is  very  much  simplified  when  this 
double  point  is  taken  as  the  origin  of  coordinates. 

The  polar  equation  then  becomes 


1^4-40^ -4ar cos  0  =  4a  V»^+a''-2«r  cos  «.  r^—8ar* cos 0 

4-  16aV"  cos  •©  +  8aV  =  16aV  .  (r  -  4«  cos  0)« 

=  8a' .  r=4a  cos  e±2  V2-a ; 

dr 
and  -—=— 4asin6. 
dd 

From  this  result  it  is  easy  to  see  that  there  is  no  point  of  inflection  in 
the  curve ;  so  that  each  branch  of  the  curve  is  continuous  and  remains  on 
the  same  side  of  its  tangent. 

From  the  above  equations  the  curve  may  be  traced.  It  consists  of 
two  loops,  which  form  a  continuous  curve,  the  two  branches  cutting  one 
another  at  right  angles  in  passing  through  the  double  point  on  the  edge 
of  the  disk. 

The  complete  equipotential  curves  for  the  unlimited  sheet  may  also  be 
readily  traced  from  the  above  equations  to  those  curves  by  giving  different 
values  to  /i  (see  Plate  1.  fig.  7). 

Neglecting  the  part  of  the  curve  outside  the  disk,  the  equation  to  the 
curve  may  be  put  under  the  form 

ir=g(j;.i^j)l=-V0.-l+eOBe)(;..fl+COSfl). 

To  find  the  points  where  it  cuts  the  axis,  let  cos  0=  +  1 ;  then 
where  the  upper  signa  are  to  be  taken  tog^^ier. 
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In  the  case  when  fi  b2, 

-»3-2V2andl, 
a 

the  difltanoee  being  measured  in  opposite  directions. 
To  find  the  change  in  the  value  of  -  when  /i  has  a  slight!  j  different 

\-aIue.    Let  ^  =  2 + — -  suppose  ; 

—     1      2V2  _ 

-3-2V2+g5--yy-  =3-2V2--002  nearly, 

Hence  if  /i  be  increased  by  ^,  the  curve  cuts  the  axis  at  a  distance  of 

uearly  one  fourth  of  the  radius  from  the  singukr  point. 

If  /i  is  less  than  2,  the  curve  does  not  cut  the  axis  on  the  negative 
side  of  the  origin. 

We  may  find  where  it  cuts  the  edge  of  the  disk  by  making  -ssl. 


or 


Let /I  =  2—. 


30' 


then 


and 


{l.2+^^-cose}.,/(II|^^ 


i-^+cosa= 


=0; 


so  that  e  is  very  nearly  15°. 

Hence  a  very  small  variation  in  the  value  of  /i  produces  very  great 
changes  in  those  parts  of  the  curve  which  are  not  near  to  the  centre  of 
the  disk. 

This  is  a  point  of  very  great  importance  in  connexion  with  the  tracing 
of  equipotential  curves  on  tinfoil  or  copper  disks ;  and  the  uncertainty  in 
the  experimental  determination  of  points  in  the  neighbourhood  of  the 
singular  point  (see  Oase  6,  p.  6)  is  entirely  explained. 

Supposing  that  one  of  the  galvanometer-electrodes  is  placed  on  the 
straight  line  joining  the  two  battery-electrodes  at  the  point  L  in  Plate  2. 
fig.  6.  When  the  pin  or  electrode  is  1  millim.  in  diameter  the  equipo- 
tential curve  corresponding  to  one  extremity  of  the  diameter  of  the  pin 
cuts  the  edge  of  the  circular  disk  at  a  point  22°  distant  irom  \\i<&  «\si- 
^nljr  fHxni^  wbilat  tiie  equipotential  cnnre  throng  the  ot\ieT  ^xJtr^mV'^ 
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of  the  same  diameter  of  the  pin  cuts. the  radius  drawn  to  the  singular 
point  at  a  distance  of  more  than  one  third  of  the  radius  from  the  sin- 
gular point. 

In  order  to  draw  the  curves  near  the  singular  point  correctly,  both 
galvanometer-electrodes  must  be  placed  in  contact  with  the  disk  in  the 
neighbourhood  of  the  singular  point. 

Electrical  Distribution  in  Space  of  three  dimensions. 

To  consider  the  laws  of  distribution  of  electricity  in  space  of  three 
dimensions,  let  a  point  or  small  sphere  be  charged  with  electricity ;  then, 
by  Laplace's  equation,  the  potential  at  any  point  at  distance  r  from  it 

is  of  the  form  - . 
r 

If  there  be  two  points  with  charges  of  electricity  proportional  to 

A     B 

A  and  B,  then  the  potential  at  any  point  is  of  the  form  —+-7,  where 

r,  r'  are  the  distances  from  the  point  to  the  two  charged  spheres. 
When  the  charges  on  the  two  spheres  are  equal,  but  of  opposite  kinds, 

the  expression  for  the  potential  becomes  A  (  -  —-  ) . 

The  equipotentii^  surfewes  will  then  be  surfaces  of  revolution  about 
the  straight  line  joining  the  two  charged  spheres.    For  an  equipotential 

curve  we  shall  have a-. 

r    r^     c 

On  referring  to  the  experiments  with  batj^ry-electrodes  immersed  to 
a  considerable  depth  in  a  conducting  liquid,  so  as  not  to  be  near  the 
boundary  of  the  liquid,  we  see  that  the  same  equation  is  true  for  the 
equipotential  surfaces  when  a  steady  current  flows  in  at  one  electrode 
and  out  at  the  other. 

The  equation  to  an  equipotential  surface  will  be  of  the  form 

r    r^     c' 

Take  a  section  of  the  surface  through  the  axis,  and  refer  the  section  to 
rectangular  coordinates. 

Let  the  axis  of  revolution  be  the  axis  of  a?,  and  a  line  equidistant  from 
the  electrodes  be  the  axis  of  y,  then  the  equation  to  the  curve  is 

{(^-a)'+y'}-*-{(«+«)»+j^}-»»l, 

c 
where  2a  is  the  distance  between  the  electrodes. 
For  a  consecutive  point  in  the  same  curve,  we  get 

r'         '  ITS '—^f 


or 


r' 
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Hence  for  the  line  of  flow  through  (xy)  which  will  cut  tliis  curve  at 
right  angles, 

Qj.  y^^  -  (a?  -h  a)ydy    y'^a?  -  (a?  -  a)y^p_  ^ 

Integrating,  we  get 

— ^- =f»,  where  «i  is  constant. 

r,         r 

The  cunre  cuts  the  axis  of  y  at  a  point  where 

a    a_  m 

If  a  is  the  angle  which  the  two  radii  drawn  to  the  same  point  make 
with  the  axis  when  they  are  equal  to  one  another,  then  f»s2cos  a. 

If  9  and  0  be  the  angles  which  the  two  radii  drawn  to  any  point  in  the 
carve  make  with  the  axis,  then  the  equation  to  a  line  of  flow  may  be 
written  in  the  form 

cos  0^cos  0=2  cos  a. 

This  will  be  the  equation  to  the  line  of  flow  in  any  plane  through  the 
two  electrodes. 

These  lines  of  flow  coincide  with  the  lines  of  force  in  non-<;onducting 
space  with  equal  and  opposite  charges  in  the  positions  of  the  two  elec- 
trodes. They  also  coincide  with  the  magnetic  lines  of  force  when  the 
two  poles  are  in  the  same  positions  as  the  electrodes.  From  this  equa- 
tion the  form  of  the  lines  of  flow  may  be  readily  drawn. 

Let  AB  be  the  two  electrodes,  0  the  middle  point  of  AB,  and  OE 
bisect  AB  at  right  angles. 

Let  £  be  a  point  on  the  line  of  force.  Describe  a  semicircle  on  AB 
cutting  A£  in  the  point  F. 

Take  AH  equal  to  twice  AF.  Place  AH  in  any  position  ANH  cut- 
ling  the  circle  in  N,  and  take  a  chord  BQ  equal  to  NH  ;  BQ  produced 
will  meet  AH  on  the  line  of  force. 

Fig.  6. 
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For  ^  =  cos  ^,  and  ^=co8  (t-0) ; 

,  AN^BQ    AH    o  AB 

*''*  AB"^AB=AB=^AB' 

or  cos  0  —  cos  0=2  cos  a. 

We  may  regard  the  couducting-mass  as  divided  into  two  parts  by  a 
plane  passing  through  the  axis  of  revolution  of  the  lines  of  flow.  The 
equipotential  surfaces  will  all  cut  every  such  plane  at  right  angles. 

Hence  we  may  suppose  the  conducting-mass  on  one  side  of  such  a 
plane  to  be  removed  without  changing  the  form  of  the  equipotential 
surfaces.  The  resistance  of  the  conductor  between  the  two  electrodes 
will  then  be  doubled. 

Hence  in  a  liquid  the  form  of  the  lines  of  flow  and  equipotential  sur- 
faces will  be  the  same  when  the  electrodes  are  both  in  the  surface  of  the 
liquid  as  when  they  are  immersed  to  inflnitely  great  depths  in  it.  For 
the  same  reason,  if  the  liquid  be  contained  in  a  very  large  rectangular 
vessel  with  two  plane  sides  parallel  to  the  line  joining  the  electrodes,  the 
forms  of  the  equipotential  surfaces  will  be  the  same  when  the  electrodes 
are  on  the  line  where  the  surface  of  the  liquid  meets  one  side  of  the  box, 
provided  they  are  not  neat  the  ends  of  the  box,  and  provided  the  oppo- 
site side  of  the  box  is  too  far  off  to  disturb  the  forms  of  the  equipoten- 
tial surfaces. 

A  particular  solution  of  the  equation  to  the  lines  of  flow  is 

cos  0— cos  0=1. 
At  one  of  the  electrodes  cos  0=  —1,  and  hence  0^^;  and  at  the  other 

COB  0=1,  and  hence  0—^;  so  that  the  lines  of  flow  cut  the  axis  at  right 

angles,  t.  e,  the  lines  of  flow  given  by  this  equation  touch  the  two  planes 
drawn  through  the  electrodes  at  right  angles  to  the  axis. 

In  order  that  the  lines  of  flow  in  a  vessel  containing  liquid  may  coin- 
cide accurately  with  the  theoretical  lines  of  flow  in  a  liquid  of  infinite 
extent  in  all  directions,  it  is  necessary  that  every  section  of  the  boundary 
of  the  yessel  through  the  electrodes  should  be  a  line  of  flow. 

From  the  above  considerations,  it  appears  that  near  the  electrodes  the 
ends  of  ^the  vessel  may  be  plane  and  at  right  angles  to  the  axis,  without 
causing  much  change  of  form  in  the  equipotential  surfaces. 

When  there  are  charges  of  electricity  at  several  points,  then  the 
potential  at  any  other  point  is  the  algebraic  sum  of  the  potentials  at  that 
point  due  to  the  several  charges  separately. 

This  will  also  be  the  case  in  a  liquid  conductor  of  unlimited  extent  in 
every  direction  when  currents  enter  and  leave  the  liquid  at  several  points 
\i  a  great  depth  within  it. 
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The  potential  at  any  point  is  of  the  form 

r     r^     r,     r. 

If  the  currents  flowing  out  and  in  at  the  seyeral  points  are  all  equal, 
then  the  potential  is  of  the  form 


v*-    ^i   ^   *••      / 


If  the  electrodes  are  all  in  one  plane,  then  this  plane  may  be  taken  as 
one  of  the  boonding  surges  of  the  conducting  liquid,  without  altering 
the  forms  of  the  equipotential  surbces,  which  cut  the  plane  always  at 
right  angles. 

If  r,  Tj,  r,,  r,  are  the  distances  of  a  point  from  the  electrodes,  then, 
with  four  electrodes,  the  equation  to  an  equipotential  surface  will  be 

^.-1+1-1  =  1 


Fig.  7. 


Suppose  the  electrodes  to  be  in  the  same  straight  line  at  A,  B,  C,  D ;  and 
let  AB=s2a,  and  CD =26;  the  positive  electrodes  at  A  and  C,  and  the 
negative  electrodes  at  B  and  D ;  then  the  equation  to  a  section  of  an 
equipotential  surface  through  the  axis  referred  to  rectangular  coordinates, 
as  before,  will  be 


Differentiating,  we  get  for  a  consecutive  point 


,^ 


«>-a+y-f-        (•»+«)+y 


„^ 


dx 


dx 


4.&c=0. 


Hence  for  a  line  of  flow  which  cuts  this  at  right  angles. 


dx 


dx 


/r^-^;Vi^;*   /r^+«/+y'}* 


-f&c.=iO. 
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Hence,  multiplying  by  y  and  integrating  as  before,  we  get 
x-\-a     x—a  ,  x+b     x—h 
^  r  r,  r, 

or 

cos  0— cos  0+ cos  6j— cos  ^i=c, 
where  9,  Oi,  ^,  ^^  are  the  angles  which  the  radii  make  with  the  line  on 
which  the  electrodes  lie. 
If  we  examine  the  equation 

cos  0+  cos  dj^ — cos  0 — cos  0j  ??=  c, 

which  gives  the  lines  of  flow  where  four  electrodes  are  arranged  symme- 
trically along  a  straight  line,  we  seo  that  when  c  is  greater  than  2,  the 
curve  does  not  cut  either  of  the  two  planes  given  by  the  equations 

cos  0+cos  6^=0,  or  cos  ^+co8  0j=O, 

but  Ues  entirely  between  them,  and  that  it  cuts  the  axis  at  the  two  inte- 
rior electrodes.    The  curve 

cos  0+ cos  0j  —  cos  f — cos  01 = 2 

meet«  the  plane  cos  9+ cos  O^sO  where  it  cuts  the  axis ;  for  cos  ^s  —  1, 
and  cos  0j=  —  1  for  this  point. 

When  cos  6 + cos  6^— cos  0—008  0^  is  less  than  2,  the  curve  cuts  the 
planes  cos  6+cos  O^^O  and  cos  0+co8  ^,=0  at  some  distance  from  the 
axis,  and  cuts  the  axis  at  the  point  from  whidi  6^  is  measured,  t.  e.  it 
cuts  the  axis  at  the  two  exterior  electrodes. 

The  curve  cos  6+cos  6j— cos  0— cos  ^,==2  has  very  close  contact 
with  the  plane  cos  0+ cos  0^=0,  since  the  distance  between  them  depends 
on  the  differences  of  'small  quantities  of  the  second  order.  Hence  in  a 
rectangular  box,  when  the  two  electrodes  are  near  to,  but  not  in  contact 
with  the  ends,  the  lines  of  flow  and  equipotential  surface^  should  very 
closely  coincide  with  the  lines  of  flow  and  equipotential  surfaces  in  space, 
supposing  that  two  additional  like  equal  electrodes  are  placed  at  the 
electric  images  of  the  electrodes.    (See  Cases  7  and  8,  on  pp.  9  and  10.) 

The  value  of  the  constant,  c,  in  the  above  equation  will  determine 
directly  the  cosine  of  the  angle  at  which  the  curve  cuts  the  axis. 

For  at  the  axis  cos 0K  —  1,  cos0i=— 1,  and  either  cosOass— 1  when  c 
is  less  than  2,  in  which  case  cos  Oj=c— 1,  and  the  curve  cuts  the  axis  at 
the  exterior  electrodes  at  an  angle  cos~^  C^^— 1)» 
>r        cos  9j=l  when  c  is  greater  than  2,  in  which  case  cos  0=c— 3, 
nd  the  curve  cuts  the  axis  at  the  interior  electrodes  at  an  angle 

cos-i  (c— 3). 
As  in  the  case  of  two  electrodes,  if  any  two  planes,  both  intersecting 
along  the  line  of  the  electrodes,  be  taken  as  bounding  surfaces  of  the 
conducting  liquid,  there  will  be  no  change  in  the  forms  of  the  lines  of 
flow  and  the  equipotential  surfaces.  The  resistance  of  the  liquid  will  be 
'"'versely  proportional  to  the  angle  between  two  such  bounding  planes. 
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A  case  of  this  kind  occurs  when  the  electrodes  lie  on  the  straight  line 
iHiere  ihe  surfaoe  of  the  liquid  meets  the  plane  yertical  side  of  the  vessel 
containing  it. 

Electrical  Distribution  with  Linear  Electrodes. 

Next  consider  the  case  in  which  the  electrodes  are  pandlel  straight 
Unes,  extending  throughout  the  liquid.  With  one  electrode,  the  potentaal 
at  any  point  at  a  distance  r  from  it  is 

C+A  log  r. 

When  there  are  seyeral  electrodes,  the  potential  is 

C-f  A  log  r+B  log  Tj+Ac. 

If  the  currents  flowing  into  the  liquid  at  the  several  electrodes  are  all 
equal,  the  potential  t)9 

C+A(logr+logrj+&c); 

and  for  an  equipotential  surface  we  have 

rr'r'\..^cr^r;r;'  ... 

where  dashes  helow  the  letter  indicate  negative  electrodes. 

This  equation  is  the  same  as  that  obtained  for  a  plane  conductor  of 
small  thickness,  which  has  been  already  considered ;  and  the  forms  of  the 
equipotential  sur&ces  are  cylindrical.  The  disk  of  tinfoil  may  be  con- 
sidered as  a  particular  case  of  the  solid  with  electrodes  throughout  the 
whole  thickness  when  that  thickness  is  supposed  to  be  small. 

For  two  linear  electrodes  with  equal  and  opposite  current's,  the  equi- 
potential surfaces  will  be  circular  cylinders,  and  the  lines  of  flow  will 
also  be  circular  cylinders  cutting  them  at  right  angles. 

The  particular  cases  of  circular  and  other  disks  which  have  already 
been  considered  will  give  the  sections  of  the  equipotential  surfaces  for 
the  corresponding  cases  with  linear  electrodes  in  the  liquid,  and  will 
completely  determine  them. 

Supposing  the  surface  of  the  liquid  to  be  of  unlimited  extent,  and 
that  a  current  enters  by  one  line  electrode,  and  leaves  by  equal  currents 
at  two  negative  eleciarodes,  the  forms  of  the  cylindrical  surfaces  will  be 
given  by  the  equation 

i^=cr^r^. 

When  the  positive  electrode  is  at  the  middle  point  of  one  side  of  the 
rectangular  box  used  in  the  experiments,  and  an  equal  negative  electrode 
is  within  the  box  and  near  the  same  side,  as  in  Case  10,  the  forms  of  the 
equipotential  surfaces  will  be  given  by  the  equation 

r,,  r,  are  the  distances  of  the  point  from  the  negative  electrode  and  from 
its  image. 
This  equation  will  give  the  form  of  the  surfaces  accurately  otAy  trYi^u 
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the  opposite  side  and  the  two  ends  of  the  box  are  far  enough  ofE  that 
they  may  be  regarded  as  practically  at  an  infinite  distance  from  the 
electrodes. 

When  c=sl,  the  equation  becomes  r'ssr,  r, :  so  that  the  section  of 
the  cylindrical  surface  is  a  rectangular  hyperbola. 

A  curve  determined  by  experiment  is  drawn  in  Plate  2.  fig.  12,  very 
near  to  the  position  of  this  hyperbola;  but  as  one  of  the  electrodes 
was  at  the  centre  of  the  box,  the  forms  of  the  equipotential  curves  will 
be  slightly  changed,  because  of  the  influence  of  the  opposite  side  and 
ends  of  the  box. 

At  the  vertex  the  two  curves  coincide,  and,  measured  along  the  latus 
rectum  of  the  hyperbola,  the  distance  between  them  is  only  5  millims. 
Since  the  distance  between  the  battery-electrodes  is  one  half  the  breadth 
of  the  box,  the  influence  of  the  opposite  side  and  ends  of  the  box  will  be 
quite  sufficient  to  account  for  so  small  a  difference.  Thus  we  see  that 
with  linear  electrodes  there  is  a  very  satisfactory  agreement  between 
theory  and  experiment. 

The  equipotential  curves  for  Case  10,  with  linear  electrodes  in  the 
liquid,  are  theoretically  the  same  as  those  for  Case  5,  with  points  on  a 
sheet  of  tinfoil  for  electrodes.  A  comparison  of  the  figures  (Plate  1, 
fig.  5  and  Plate  2.  fig.  12)  which  are  laid  down  from  the  experimental 
results  shows  how  closely  they  agree,  and  may  be  taken  to  be  an  inde- 
pendent proof  of  the  accuracy  of  the  theory  of  electrical  distribution. 


November  18,  1875. 

Dr.  J.  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

In  pursuance  of  the  Statutes,  notice  of  the  ensuing  Anniversary 
Meeting  was  given  from  the  Chair. 

Mr.  Etheridge,  Mr.  P.  Galton,  Mr.  Newmarch,  Dr.  W.  Pole,  and  Mr.  W. 
W.  Smyth,  having  been  nominated  by  the  President,  were  elected  by  ballot 
Auditors  of  the  Treasurer's  Accounts  on  the  part  of  the  Society. 

Mr.  Bobert  Lewis  John  Ellery  (elected  1873),  Mr.  James  Geikie,  Dr. 
Emanuel  Klein,  Prof.  E.  Bay  Iiankester,  Mr.  Bobert  Stirling  Newall,  and 
the  Earl  of  Carnarvon  were  admitted  into  the  Society. 

The  following  extract  from  the  Will  of  the  late  Sir  diaries  Wheatstone, 
F.B.8.,  in  a  letter  from  Mr.  Bobert  Sabine,  one  of  the  executors,  was 
read : — **  I  leave  to  the  Eoyal  Society  of  London  for  the  Promotion  of 
Natural  Knowledge  the  Portrait  of  the  Hon.  Bobert  Boyle,  and  all  the 
framed  Portraits  of  scientific  men  now  in  my  possession ;  and  I  also 
bequeath  to  the  said  Boyal  Society  the  sum  of  Five  Hundred  Pounds,  to 
be  applied  to  the  purposes  of  the  Wollaston  Donation  Fund." 
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The  President  expressed  his  regret,  which  would  be  shared  by  the 
Society,  that  intelligence  had  been  received  by  the  Admiralty  of  the 
decease,  at  sea,  of  Dr.  von  Willemoes-Suhm,  a  distinguished  young 
Naturalist  attached  to  the  Scientific  Staff  of  the  ^  Challenger '  Expedition. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

A  direct-yision  compound  prism  by  Merz,  the  gift  of  Mr.  Gassiot,  was 
presented  to  the  Society.  It  is  regarded  by  the  maker  as  one  of  remark- 
able excellence,  and  is  composed  of  a  central  prism,  of  large  angle,  formed 
of  peculiarly  heavy  lead  glass,  with  opposed  prisms  of  crown  glass 
cemented  to  its  two  faces.  It  is  capable  of  taking  in  a  pencil  of  rays  of 
28 i  lines  in  width.  The  indices  of  refraction,  in  the  heavy  glass,  of  Fraun- 
hofer's  lines  C,  D,  E,  F  are  givenby  M.  Merz  as  follows  : — 

a=l-7389. 

D,=l-7513, 

E.=l-7621. 

r.=l-7723. 
Hence  the  dispersion  is  almost  double  that  of  ordinary  flint  glass. 

The  following  Papers  were  read : — 

I.  ^'  Report  to  the  Hydrographer  of  the  Admiralty  on  the  Cruise 
of  H.M.S.  'Challenger '  from  June  to  August  1875."  By  Prof. 
Wyvillb  Thomson^  F.R.S.,  Director  of  the  Civilian  Scientific 
Staff  on  Board.  (Published  by  permission  of  the  Lords  of  ihe 
Admiralty.)     Received  October  28,  1875. 

[Platbs  3-7.] 

Hilo  Hawaii,  August  18, 1875. 
Sib, — ^The  '  Challenger '  left  Yokohama  on  the  16th  of  June,  and  ran 
an  easterly  course  between  the  parallels  of  35^  and  40°  north  latitude, 
as  far  as  the  meridian  of  155°  east.  We  then  turned  nearly  directly 
southwards  and  reached  Honolulu  on  the  27th  of  July.  The  weather 
throughout  was  sufficiently  fayourable ;  shortly  after  leaving  Yokohama 
there  was  a  good  deal  of  swell,  which  interfered  somewhat  with  our 
dredging-operations  and  caused  the  loss  of  a  good  deal  of  time ;  we  esta* 
blished,  however,  24  observing  stations,  at  each  of  which  most  of  the  de- 
sired observations  were  made.  On  the  17th  of  June  we  sounded  in  1875 
fathoms,  with  a  bottom  of  bluish-grey  clay  and  a  bottom-temperature  of 
1^*7  C,  40  miles  to  the  south-east  of  No-Sima  Lighthouse.  The  trawl  was 
put  over,  and  it  brought  up  a  hirge  quantity  of  the  bottom,  which  showed 
the  day  was  in  a  peculiar  concretionary  state,  run  together  into  coherent 
lumps,  which  were  bored  in  all  directions  by  an  Annelid  of  the  Aphrodita- 
oean  group.  In  many  cases  the  Annelids  were  still  in  the  burrows. 
Among  the  clay  there  were  large  lumps  of  grey  pumice.  The  trawl  con- 
tamed  several  fishes  (belonging,  as  usual,  chiefly  to  the  fiunily  Macruridie) 
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and  a  large  number  of  Echinoderms,  chiefly  flexible  sea-urchins,  ophiurids, 
and  starfishes  of  the  genus  Brisinga,  The  hydroid  soophytes  were  repre- 
sented  by  a  very  remarkable  species,  apparently  referable  to  the  genus 
Manoeaidon  of  Sars,  a  CorymorphoriikQ  solitary  polyp  with  adelocodonic 
gonophores ;  but  instead  of  being  of  the  proportions  usual  in  its  group, 
the  stem  in  one  of  our  specimens  measured  upwards  of  seven  feet  in  height, 
while  the  polyp-head  was  nine  inches  in  diameter  across  the  proximal  row 
of  tentacles.  We  afterwards  got  another  fine  example  of  the  same  spedes 
at  a  depth  of  2900  fathoms  (Station  248).  The  temperature  of  the  surface 
of  the  sea  stood  during  the  day  at  nearly  23°  C,  considerably  above  the 
temperature  of  the  air;  and  a  serial  sounding  gave  the  isotherm  of  10*^0.  at 
a  depth  of  little  more  than  200  fathoms.  We  were  therefore  evidently  under 
the  thermic  influence  of  the  Japan  current,  which  was  found  by  observe 
tion  to  be  running  in  an  easterly  direction  at  a  rate  of  1||  knot  an  hour. 
The  thermometers  registered  a  uniform  temperature  of  1^*7  C.  from  a 
depth  of  1000  fathoms  to  the  bottom.  About  twenty  Albatrosses,  of  a 
nearly  uniform  brown  plumage  with  whitish  heads  (probably  the  young  of 
the  common  North-Pacific  species  in  their  second  year's  plumage),  followed 
the  ship. 

On  the  following  day  there  was  a  stiff  breeze  from  the  southward, 
with  a  heavy  sea.  We  sounded,  however,  successfully  in  3950  fathoms, 
our  deepest  sounding  in  the  North  Pacific — position  by  dead  reckoning  lat. 
34°  43'  N.,  long.  144°  2'  E.,  with  a  bottom  of  "  red  clay."  The  gale  con- 
tinued on  the  19th,  and  the  weather  prevented  our  attempting  to  trawl ; 
but  a  sounding  in  3625  fathoms  and  serial  temperatures  to  1500  fathoms 
were  obtained.  At  both  of  the  two  latter  stations  the  high  surface-tem- 
perature was  maintained ;  and  the  position  of  the  isotherm  of  10°  C.  at 
station  239,  at  a  depth  of  nearly  300  fathoms,  indicates  that  up  to  this 
point,  at  all  events,  there  was  no  diminution  in  the  influence  of  the  **Kuro- 
Siwo." 

On  the  2l8t  we  sounded  in  2900  fathoms,  with  a  bottom  of  "  red  day." 
An  attempt  was  made  to  trawl ;  but  the  sea  was  still  running  high,  and 
in  hauling  in  the  line  parted. 

The  temperature-observations  gave  a  singular  result.  The  sur&ce- 
temperature  had  fallen  to  18°'2  C,  and  the  belt  of  water  above  10°  C.  was 
reduced  in  depth  to  considerably  less  than  100  fathoms,  while  all  the  iso- 
therms, at  all  events  to  a  depth  of  400  fathoms,  rose  in  proportion. 
There  seems  to  be  little  doubt,  from  a  comparison  of  the  American  tem- 
perature-results with  our  own,  that  this  sudden  diminution  of  tempera- 
ture is  due  to  a  cold  surface-flow  from  the  sea  of  Okhotsk,  probably 
through  Pico  Channel  or  Vries  Strait.  Very  likely  its  effect  may  not  be 
found  to  be  constant ;  and  at  this  season  it  possibly  attains  its  maximum 
from  the  melting  of  the  snow  over  the  vast  region  drained  by  the  Amoor 
and  the  XJdi  and  Siberian  rivers  with  a  southern  outflow. 

June  23. — We  sounded  in  2300  fathoms,  with  a  bottom  of  "  red  clay." 
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The  trawl  brought  ap  a  quantity  of  lumps  of  pumice,  more  or  less  altered 
and  more  or  lees  coated  with  manganese.  Animals  of  all  the  invertebrate 
groups  were  abundant,  free,  and  attached  to  the  stones ;  but  the  assemblage 
was  in  no  waj  remarkable.  At  this  station  the  effect  of  the  cold  current 
was  already  almost  entirely  lost,  the  isotherm  of  10°  C.  having  resumed 
its  position  at  a  depth  of  about  200  fathoms. 

On  the  26th  of  June  we  sounded  in  2800  &thoms.  Temperature- 
soundings  were  taken  to  the  usual  depth ;  and  the  dredging-line  was  then 
veered  to  about  3000  fatiioms  with  a  cwt.  lead  and  one  towing-net  at  the 
end,  two  nets  250  fiithoms  from  the  end,  and  two  more  at  a  distance  of 
about  1000  fathoms.  The  line  with  the  nets  was  slowly  dragged  along 
for  a  time  with  the  drift  of  the  ship  and  hauled  in.  On  carefully  washing 
the  netB  and  examining  their  contents  several  forms  were  met  with  which 
apparently  do  not  occur  on  the-  surface,  particularly  a  number  of  species 
of  a  group  which  is,  so  far  as  we  know,  entirely  undescribed.  It  seems 
to  be  intermediate  between  the  Badiolanans  and  the  Foraminifera, 
resembling  the  former  in  the  condition  and  appearance  of  the  sarcode  and 
in  the  siliceous  composition  of  the  test,  and  the  latter  in  external  form* 
The  broken  tests  of  these  organisms  are  extremely  abundant  in  the  ''  red- 
clay"  soundings;  a  sufficient  number  of  observations  has  not  yet  been 
made  to  enable  us  to  say  with  certainty  what  is  their  bathjrmetrical  dis- 
tribution. On  the  28th  we  adopted  a  plan  which  we  find  extremely  con- 
venient at  great  depths,  when  we  have  reason  to  feel  tolerably  certain  as  to 
what  the  depth  is  going  to  be  within  moderately  narrow  limits.  The 
trawl  was  put  over  at  daybreak,  and  the  line  veered  to  3500  fathoms ;  and 
while  the  trawl  was  going  down  the  sounding  was  taken,  in  the  present 
case  at  a  depth  of  2900  fathoms  with  a  bottom  of  "  red  clay."  In  this 
way  the  trawl  reached  the  bottom,  probably  between  7°  and  8°  C,  and  we 
could  allow  it  to  drift  quietly  for  at  least  six  hours  before  beginning  to 
haul  in.  From  a  zoological  point  of  view  this  haul  was  remarkably 
successful;  there  were  one  or  two  Fishes,  a  Smlpellum,  a  number  of 
Annelids  (particularly  a  prominent  Aphroditacean),  Echinoderms  of  the 
genera  Pourtalesia^  Archaster,  Brisinga^  and  Antedon,  a  fine  species  of 
Ccrmdaria^  several  examples  of  Fungia  symmetrica,  and  some  Actinice. 
The  general  distribution  of  temperature  remained  much  the  same,  the 
isotherm  of  10°  C.  retaining  its  position  near  the  200-fathom  line. 
*  We  trawled,  on  the  2nd  of  July,  in  2050  fathoms,  with  a  bottom  of 
light  brownish  ooze  with  many  G^2o6^mna-shells.  The  bag  brought  up  a 
number  of  lumps  of  pumice,  and  among  them  a  very  characteristic 
assemblage  of  deep-sea  animals,  the  most  interesting  an  undescribed 
species  of  ffyahnema,  which  occurred  in  considerable  numbers  and  in  an 
excellent  state  of  preservation.  The  form  of  the  sponge-body  is  almost 
spherical,  with  a  comparatively  small  oscular  opening,  and  the  coil  is 
much  shorter  than  in  ff.  Sieboldi,  in  the  largest  specimens  not  more  than 
six  inches  is  length.    One  remarkable  point  was  that  m  no  cscft^  '^^a 
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there  a  commensal  Palyihoa  connected  with  this  sponge ;  the  coil  was 
always  perfectly  clean.  The  spicules  of  the  network  and  of  the  sarcode 
closely  resemble  those  of  the  Japanese  species,  but  they  all  present 
marked  specific  differences  in  detail  of  form. 

July  3. — We  sounded  in  2530  fathoms,  with  a  bottom  of  reddish-brown 
ooze  (*'  red  clay  "),  and  took  temperature-soundings ;  we  afterwards  veered 
the  dredging-line  to  1500  &thoms  with  tow-nets,  and  got  many  speci- 
mens of  the  usual  deep-water  Protozoa. 

July  5. — We  sent  down  the  trawl  and  afterwards  sounded  in  2900 
fathoms,  and  took  serial  temperatures.  In  the  trawl,  along  with  many  other 
deep-sea  forms,  there  was  one  fine  specimen  of  the  large  solitary  hydroid 
already  referred  to  (Station  237). 

On  the  7th  we  sounded  in  3000  fathoms,  with  the  usual  bottom  of  red 
clay ;  on  the  9th  in  3050  fathoms,  and  on  the  10th  in  2950  fathoms.  The 
results  of  the  dredgings  for  the  last  few  stations  had  been  so  uniform,  and 
the  operation  was  rendered  so  critical  by  the  heavy  swell  from  the  westward, 
that  we  did  not  consider  it  necessary  to  repeat  it  on  every  occasion. 

On  the  12th  of  July  the  trawl  was  lowered  at  a  depth  of  2740  fathoms. 
The  net  contained  very  few  animals,  and  was  greatly  torn  and  frayed ; 
but  in  a  kind  of  pocket  formed  by  an  accidental  folding  of  the  net  there 
were  about  a  cwt.  of  black  mammillated  concretions,  which,  when  they 
were  poured  out  on  the  deck,  had  very  much  the  appearance  of  potatoes. 
The  external  surface  of  the  concretion  was  slightly  rough,  and  a  number 
of  small  animal  forms,  particularly  a  minute  rhizopod  in  a  membranous 
tube,  nestled  in  the  crevices.  The  nature  of  these  concretions  will  be 
discussed  hereafter. 

On  the  14th  of  July  we  reached  the  point  lat.  38°  9'  N.,  long.  156** 
25'  W.,  whence  we  turned  southward^  towards  the  Sandwich  Islands. 
For  the  last  few  stations  the  temperature  of  the  water  had  been  gradually 
sinking,  and  the  influence  of  the  Japan  current  dying  out;  the  isotherm 
of  10°  C.  was  now  only  100  fathoms  below  the  surface.  The  depth  at 
this  point  was  3115  fathoms ;  we  put  over  the  small  dredge,  as  the  nature 
of  the  bottom  had  latterly  been  so  destructive  to  the  trawl,  and  brought 
up  manganese  nodules,  with  a  few  small  sponges  and  Bryozoa. 

On  the  17th  of  July  we  sounded  in  3025  fathoms,  the  bottom  still 
"  red  clay,"  and  on  the  19th  in  2850  fathoms.  A  serial  sounding  taken 
at  the  latter  station  to  1500  fathoms  showed  a  considerable  rise  in  the 
temperatures  near  the  surface,  the  isotherm  of  10^  C.  having  again  sunk 
to  a  depth  of  200  fathoms,  and  that  of  15°  C.  corresponding  with  the  100- 
fathom  line.  On  the  21st  the  bottom  was  '*  red  clay  "  at  a  depth  of  2950 
fathoms ;  the  small  dredge  was  lowered  and  brought  up  a  large  quantity 
of  the  ooze,  very  smooth  and  tenacious,  but  containing  scarcely  a  trace  of 
living  things.  The  serial  temperature-soundings  indicated  a  still  further 
rise  in  the  temperature  of  the  upper  layers,  due  doubtless  to  progress 
southwards. 
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On  the  23rd  we  sounded  in  2875  fathoms,  and  on  the  24th  in  2775, 
the  bottmn  in  both  cases  having  much  the  same  character  which  it  had 
maintained  throughout  the  cruise.  The  Albatrosses,  which  had  followed 
the  ship,  to  the  number  of  from  fourteen  to  twenty  daily,  since  we  left 
Japan,  left  us  to-daj.  We  saw  one  or  two  Boatswain  Birds  {PhaeUm  rubri- 
eawia\  and  a  Turnstone  (StrepHlas  interpres)  flew  about  the  ship  for  some 
hours,  lighting  on  the  combings  and  the  rigging.  On  the  26th  we  sounded 
in  2225  fathoms ;  and  on  the  morning  of  the  27th  we  passed  into  the 
strait  between  the  islands  of  Molokai  and  Oahu,  and  trawled  on  hard 
ground  m  310  fathoms,  with  but  little  success.  In  the  evening  we  anchored 
in  the  harbour  of  Honolulu. 

This  cruise  naturally  divides  itself  into  two  parts : — a  section  about  3170 
nautical  miles  in  length,  including  the  stations  from  No.  237  to  No.  253, 
very  slightly  to  the  northward  of  east,  between  the  parallels  of  35^  and 
380  X.  lat. ;  and  a  meridional  section  of  1128  nautical  miles,  along  the 
meridian  of  155^  W.  long.  The  first  of  these  sections  corresponds  very 
closely  in  relative  position  with  the  section  in  the  Atlantic  between  Sandy 
Hook  and  the  Azores,  and  the  points  of  resemblance  and  difference 
between  them,  when  fully  worked  out,  must  prove  most  instructive.  The 
two  sections  cross  the  two  great  deflections  to  the  northward  of  the 
equatorial  current,  in  the  Atlantic  the  G-ulf-stream,  and  in  the  Pacific  the 
"  Kuro-Siwo ; "  and  the  thermic  influence  of  the  two  currents  is  fairly 
contrasted.  The  influence  of  the  Oulf-stream,  if  not  absolutely  greater 
(and  this  is  a  point  which  it  will  be  somewhat  diflicult  to  determine),  is  at 
all  events  much  more  concentrated  and  effective,  owing  to  the  continuity 
of  the  coast-line  of  the  American  continent,  to  the  way  in  which  the 
water  of  the  equatorial  current  is  driven  into  the  G-iilf  of  Mexico  and 
superheated  there,  afterwards  to  be  kept  together  and  ejected  in  a  defined 
stream  through  the  Strait  of  Florida,  and  to  the  absence  of  periodical 
winds  in  the  Atlantic.  In  the  Pacific,  on  the  other  hand,  the  main  flow 
of  the  equatorial  current  is  weakened  among  the  passages  of  the  Malayan 
archipeUgo ;  and  although  a  large  part  of  it  is  directed  northwards  by 
the  broken  barrier  formed  by  the  Fiji  Islands,  the  New  Hebrides,  and 
Papua,  it  almost  at  once  enters  the  region  of  the  monsoons,  where  it  is 
thwarted  for  half  the  year ;  and  it  can  only  be  regarded  as  comparable 
with  that  portion  of  the  reflux  of  the  Atlantic  equatorial  current  which 
passes  outside  the  West-Indian  Islands.  Nevertheless  it  passes  the  south 
coast  of  Japan  as  a  very  palpable  and  apparently  a  permanent  current, 
exercising  a  very  perceptible  thermic  influence  to  a  depth  of  at  least  300 
hthoms. 

In  traversing  the  Pacific  the  influence  of  the  Japan  current  appears  to 
be  gradually  lost ;  while  I  am  still  inclined  to  believe  that  in  the  Atlantic 
the  Gulf-stream  is  banked  do\ni  against  and  reflected  from  the  western 
coast  of  Europe.  It  is  a  question  of  great  complexity  *,  but  it  ^^m^^  \/c> 
we  th/Uf  it  MB  consistent  with  our  experience  that  the  tempetntevit^  ell  >3fe« 
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water  of  the  ocean  at  any  one  place  is  due,  in  a  great  measure,  to  the  tempe- 
rature of  the  source  of  that  water — ^not  entirely  due,  for  in  passing  through 
a  long  distance  the  temperature  of  even  the  greatest  masses  of  water  is 
certainly  gradually  altered  by  conduction  and  mixture. 

The  suggestions  of  Dr.  Carpenter  and  Mr.  Buchanan  that  the  existence 
of  a  deep  layer  of  warm  water  in  the  Atlantic  might  be  connected  in 
some  way  with  the  mean  annual  temperature  of  the  area  and  the  absence 
of  ocean-currents,  are  very  suggestive ;  and  I  looked  forward  with  great 
interest  to  an  opportunity  of  testing  them  in  the  corresponding  position 
in  the  Pacific.  But  there  seems  to  be  no  trace  of  any  thing  of  the  kind ; 
as  the  influence  of  the  equatorial  reflux  becomes  weaker  the  temperatures 
fall  uniformly. 

To  show  that  the  conditions  in  the  two  oceans  differ  more  in  degree 

than  in  kind,  I  give  in  Plates  3  and  4  curves  constructed  from  serial 

soundings  along  nearly  corresponding  lines  in  the  Atlantic  and  Pacific. 

Curves  A  and  B  are  added  on  Plate  3  to  show  the  position  of  the  deeper 

belt  of  abnormally,  warm  water  which  makes  its  appearance  near  the 

coast  of  Europe. 

Plate  3. 

North-Atlantic  Ocean. 

No.  of  ^ * s  Depth  in 

Station.  Latitude.  Longitude.  fathoms. 

43  36  23  N.  71  5i  W. 

44  37  25  „  71  40  „  1700 

53  36  30  „  63  40  „  2650 

65  36  33  „  47  58  „  2700 

69  38  23  ,,  37  21  „  2200 

71  38  18  „  34  48  „  1675 

80  36    3  „  21  25  „  2660 

A  A    In  the  Bay  of  Biscay.  2090 

B  B    OfE  the  coast  of  Portugal.  1090 

Plate  4. 

North-Pacific  Ocean. 

No.  of  ^ * V  Depth  in 

Station.  Latitude.  Longitude.  &tnomi. 

237  3l  37  N.  140  32  E.  1875 

240  35  20  „  153  39  „  2900 

243  35  24  „  166  35  „  2800 

245  36  23  „  174  31  „  2775 

246  36  10  „  178    0  „  2050 

248  37  41  „  177    4  W.  2900 

252  37  52  „  160  17  „  2740 

There  seems  io  be  little  doubt  that  the  enormous  mass  of  cold  water 
which  fills  up  the  trough  of  the  Pacific  is,  like  the  cold  bottom-water  of 
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the  Atlantic,  an  indraught  from  the  Southern  Sea.  The  more  the  question 
is  investigatod  the  less  evidence  there  seems  to  me  to  be  of  any  general 
ocean  circulation  depending  upon  differences  of  specific  gravity.  It  seems 
certain  that,  both  in  the  Atlwitic  and  in  the  Pacific,  the  bottom-water  is 
constantly  moving  northwards ;  and  I  am  now  very  much  inclined  to  refer 
this  movement  to  an  excess  of  precipitation  over  the  water-hemisphere, 
a  portion  of  the  vapour  formed  in  the  northern  hemisphere  being  carried 
southwards  and  precipitated  in  the  vast  southern  area  of  low  barometric 
pressure.  I  hope  to  enter  fully  into  the  discussion  of  this  matter  on  a 
future  occasion.  The  temperatiu^  of  the  water  is  greatly  lowerin  the  Pacific 
for  the  first  thousand  fathoms  than  in  the  Atlantic  in  the  corresponding 
latitude  of  35°  N.  There  is  one  very  remarkable  difference  between  the 
two  basins  :  while  in  the  Atlantic  it  seems  certain  that  the  temperature 
sinks  gradually,  though  very  slightly,  for  the  last  thousand  fathoms  to 
the  bottom,  it  appears  that  in  the  Pacific  the  minimum  temperature  of 
1°'7  C.  is  reached  at  a  depth  not  greater  than  1400  fathoms,  and  that  from 
that  depth  to  the  bottom  the  temperature  is  the  same. 

The  soundings  from  Yokohama  to  Honolulu  are  remarkably  uniform 
in  depth,  the  twenty-two  soundings  on  one  line,  which  are  un^ected  by 
the  neighbourhood  of  land,  giving  an  average  of  2858  fathoms.  The 
nature  of  the  bottom  is  also  very  uniform ;  and,  according  to  the  nomen- 
clature which  we  have  adopted,  it  is,  in  each  case,  noted  on  the  chart  as 
"  red  clay."  It  is  usually,  however,  somewhat  greyer  in  colour  than  the 
typical  "  red  clay,"  and  contains  a  large  proportion  of  the  tests  of  sili- 
ceous orgauisms  (a  proportion  which  increases  with  increasing  depth),  and 
a  considerable  quantity  of  pumice  in  different  states  of  comminution 
and  decomposition.  The  clay  contains  scarcely  a  trace  of  carbonate  of 
lime,  although  the  surface  swarms  with  ooze-forming  foraminifera.  In 
some  cases  the  trawl  came  up  half  full  of  large  lumps  of  pumice,  which 
seemed  to  have  been  drifted  about  till  they  were  water-logged,  and  to  be 
softening  and  becoming  decomposed ;  these  pieces  of  decomposing  pumice 
were  often  coated  and  pen^aded  throughout  with  oxide  of  manganese. 
Over  the  whole  area  the  red  clay  was  full  of  concretions,  consisting 
mainly  of  peroxide  of  manganese,  round,  oval,  or  mammillated  and  very 
irregular,  varying  in  size  from  a  grain  of  mustard-seed  to  a  large  potato. 
When  these  concretions  are  broken  up,  they  are  found  to  consist  of  con- 
centric layers  having  a  radiating  fibrous  arrangement,  and  usually  starting 
from  a  nucleus  consisting  of  some  foreign  body,  such  as  a  piece  of  pumice, 
a  shark's  tooth,  or  a  fragment  of  any  organism — as,  for  instance,  in  one 
case  a  piece  of  a  Hexactinnelid  sponge  of  the  genus  Aphrocallistea,  which 
was  preserved  as  a  very  beautiful  fossil  in  the  centre.  The  concretions 
appear  to  form  loose  among  the  soft  clay ;  the  singular  point  is  the  amount 
of  this  manganese  formation,  and  the  vast  area  which  it  covers. 

We  were  particularly  successful,  during  this  cruise,  in  getting  good 
MuuapJef  cf  the  huma  from  great  depths ;  and  we  ionnd  t\ia\.  Wi<&  Usvxn&^i 
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the  North  Pacific,  at  depths  of  from  2000  to  3000  fathoms,  although  not 
very  abundant  in  species,  is  by  no  means  meagre.  In  each  of  six 
dredgings  and  trawlings  at  depths  greater  than  2000  fathoms  we  found, 
along  with  a  few  Pishes,  a  fair  representation  of  all  the  larger  invertebrate 
groups ;  and  in  one  dredging,  No.  253,  at  a  depth  of  3125  fathoms,  we 
took  a  small  Sponge,  a  species  of  Camularia,  an  Actinia,  an  Annelid  in  a 
tube,  and  a  Bryozoon.  We  were  again  slaruck  with  the  wonderful  uni- 
formity (A  the  fauna  at  these  depths ;  if  not  exactly  the  same  species,  very 
similar  representatives  of  the  same  genera  occur  in  all  parts  of  the  world. 
I  am  glad  to  be  able  to  report  that  every  thing  is  going  on  in  a  satis- 
factory way  in  the  departments  under  my  charge. 

I  have  the  humour  to  be,  Sir, 

Tour  obedient  Servant, 

C.  WtVILLB  THOMSOlf, 

Director  of  Civilian  Scientific 
Captain  Evans,  C.B.,  F.EJ3^  Staff  on  board  H.MJS.  *  Challenger: 

Hydrographer,  Admiralty. 


II.  ''On  the  Physiological  Action  of  Vanadium."  By  John 
Priestley,  Piatt  Physiological  Scholar,  the  Owens  College, 
Manchester.  Communicated  by  Prof.  Oamoee,  F.B.S.  Re- 
ceived June  18,  1875. 

(Abstract.) 

The  author  has  divided  his  paper  into  four  sections. 

In  the  first  the  subject  is  introduced  by  a  brief  statement  of  the  rela- 
tionships of  vanadium  to  other  elements  of  the  same  and  of  allied 
groups ;  and  the  main  object  of  the  research  is  set  forth,  viz.  by  an  ex- 
tended investigation  to  endeavour  to  fix  the  physic^ogical  relationships  of 
vanadium  to  the  closely  allied  elements  arsenic  and  phosphorus,  so  as 
to  throw  some  light  on  the  relations  which  probably  exist  between  the 
chemical  and  physiological  properties  of  the  elements.  The  tribasic 
sodium  vanadate  (Na^YOi)  is  stated  to  have  been  the  ccmpound  of  vana- 
dium made  use  of  throughout  the  research,  and  the  reasons  of  the  pre- 
ference are  given. 

In  the  second  section  the  action  of  s(duttons  of  sodium  vanadate 
upon  simple  organisms  is  shortly  illustrated  by  the  details  of  four  sets 
of  experiments,  &om  which  the  conclusion  is  drawn  that  all  solutions, 
except  those  which  are  extremely  dilute  (i.  e,  which  contain  only  so  much 
salt  as  corresponds  to  •01-*5  per  cent,  of  Vj^  0  J,  act  injuriously  upon  the 
simpler  organisms. 

In  the  third  section  the  effects  of  vanadium  in  the  above  combination 
on  complex  organisms  are  discussed  under  two  heads,  vis. : — 

A.  The  general  action  on  the  animal  system  when  introduced  by 
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sabcataiieoiiB  injeotioii,  by  injection  into  veins,  or  by  injection  into 
the  alimentary  csnaL 
B.  the  special  action  on  the  various  functions  of  the  animal  body. 

Fnder  A  thirty-one  experiments  are  detailed,  in  which  frogs,  a  pigeon, 
goineapigs,  rabbits,  dogs,  and  cats  were  made  use  of.    From  these  ezperi- 

(fflents  it  is  gathered : — 
(1)  That  vanadium  is  a  poisonous  substance. 
'  (2)  That  the  symptoms  of  poisoning  are,  in  general,  similar  whatever 

I  the  method  of  the  introduction  of  the  salt  into  the  animal  system. 

(3)  That  the  symptoms  of  poisoning  which  appeared  in  one  or  other 
of  the  various  classes  of  animals  above  mentioned  are : — paralysis 
of  motion;  convulsions,  local  or  general;  rapidly  supervening 
drowsiness,  or^indifference  to  external  circumstances ;  congestion 
of  alimentary  mucous  membranes ;  discharge  of  sanguinolent  fluid 
&Boes ;  presence  of  glairy,  fluid  mucus  in  the  intestines  after  death ; 
certain  changes  in  respiration  and,  coinddently,  a  fall  in  tem- 
perature ;  drowisness  and  feebleness  of  pulse.  In  addition,  the 
heart  was  always  irritable  after  death,  consciousness  and  sensibility 
to  pain  seemed  unimpaired,  and  no  diminution  could  be  detected 
in  the  powers  of  muscle  and  nerve  to  respond  to  stimulation. 

(4)  That  the  lethal  dose  for  rabbits  lies  between  9*18  mgr.  and 
14-66  mgr.  of  V,  O,  per  kilog.  of  rabbit. 

Under  6  the  author  details  a  number  of  experiments  undertaken  with 
the  ^-iew  to  gain  more  exact  information  as  to  the  action  of  the  salt  of 
vanadium  upon  particular  functions.  The  methods  of  experiment  and 
the  precautions  observed  are  fully  described ;  and  the  action  on  the  fol- 
lowing functions  is  discussed,  viz. : — 

(i)  On  the  function  of  muscular  tissue  (after  direct  heal  applica- 
tion of  the  salt) ;  and 
(ii)  On  the  function  of  nervous  tissue  (after  direct  local  application 
of  the  salt).    Five  series  of  experiments  are  recorded,  from  which 
it  appears  that,  under  the  conditions  of  the  experiments,  func- 
tional death  of  muscular  and  nervous  tissue  speedily   follows 
even  when  the  solutions  used  contain  no  more  salt  than  corre- 
sponds to  '05  per  cent,  of  V,  Og. 
(iii)  On  the  function^  of  circulation.    Twelve  experiments  are  re- 
corded in  which  either  subcutaneous  or  venous  injection  was  em- 
ployed, the  experiments  being  performed  on — 
(a)  Normal  rabbits, 
(6)  Babbits  with  divided  vagi, 
(e)  Babbits  with  divided  cords, 

(d)  A  frog  with  heart  exposed  and  the  nervous  structures  in 
£nmt  of  the  a^iaato-ocdpital  articulaUon  de&tio>[ei\. 
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From  these  it  is  gathered  that  sodium  vanadate  causes — 

(1)  A  diminution  of  blood-pressure  which  is  not  continuous, 
but  intermits  during  the  operation  of  the  poison  ; 

(2)  A  disappearance  of  respiration-curves ; 

(3)  A  diminution  and  irregularity  of  pulse,  which  is  also  inter- 
mittent. 

The  results  are  discussed  and  considered  to  be  due  to  an  action 
of  the  poison  on  the  vaso-motor  centre  and  on  the  intracardiac 
nervous  mechanism, 
(iv)  On  the  function  of  respiration.  Subcutaneous  or  venous  injec- 
tion was  again  employed  in  the  cases  of  seven  rabbits,  normal  or 
with  divided  vagi.  The  results  show  that  sodium  vanadate  causes — 

(1)  A  stimulation,  followed  by 

(2)  A  depression,  of  respiration,  the  latter  being  not  continuouB 
but  intermittent ;  they  are  discussed  and  considered  to  be  due  to 
an  action  of  the  poison  upon  the  respiratory  nervous  centre. 

(v)  On  the  functions  of  muscle  and  nerve.  Subcutaneous  injection 
was  employed  in  the  nineteen  experiments  described,  which  were 
performed  on  frogs,  guineapigs,  and  rabbits.  Tables  are  inserted 
illustrating  diagrammatically  the  action  of  the  salt.  The  results  of 
these  experiments  are  found  to  be  the  same  as  those  given  under 
A,  where  the  general  symptoms  of  poisoning  by  sodium  vana- 
date are  enumerated ;  and  it  is  concluded,  from  the-  facts  here 
stated,  that  the  cause  of  the  nervous  symptoms  is  an  action  of  the 
vanadate  upon  the  central  system  of  the  spinal  cord  and  medulla 
oblongata,  and  not  upon  nerve-trunks  of  peripheral  terminationB 
or  upon  muscle. 
In  the  fourth  section  the  chief  results  of  the  research  are  gathered 
up  and  briefly  enumerated. 

III.  ''On  some  Elementary  Principles  in  Animal  Mechanics. 
No.  VII.  The  Law  of  Fatigue.''  By  the  Rev.  Samuel 
Haughton,  M.D.  (DubL),  D.C.L.  (Oxon.),  F.R.S,,  FeUow  of 
Trinity  College,  Dublin.     Received  June  21,  1875. 

The  approximate  law  of  muscular  action,  which  I  have  called  the  law 
of  fatigue,  is  thus  expressed : — "  When  the  same  muscle  (or  growp  of 
muscles)  is  Jcept  in  constant  auction  until  fatigue  sets  in,  the  total  work  done 
multiplied  by  the  rate  of  work  is  constant,^ 

The  following  experiments,  in  illustration  of  this  law,  were  performed 
in  Trinity  College  during  the  spring  of  the  present  year. 

I  instructed  a  number  of  medical  students,  chosen  at  random,  to  raise 
dumbbells  of  varying  weight,  one  in  each  hand,  in  the  tranverse  plane, 
with  hands  supinated,  raising  and  lowering  the  weights  in  equal  times 
regulated  by  the  beat  of  a  pendulum.    This  process  was  continued  until 
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the  distress  of  the  &tigue  produced  became  intolerable,  and  the  number 
of  times  each  weight  was  lifted  was  noted.  The  students  were  required 
to  count ''  one — two"  in  time  to  the  beat  of  the  pendulum,  so  as  to  prevent 
them  from  counting  the  total  number  of  lifts  of  the  weight.  Professor 
Macalister  assisted  me  in  these  experiments ;  and  one  of  us  counted  the 
number  of  lifts,  while  the  other  compelled  the  experimenters  to  observe 
the  conditions  of  the  experiment,  which  were : — 

1.  To  keep  time  with  the  pendulum. 

2.  To  raise  the  weight  in  the  transverse  plane. 

3.  To  supinate  the  hands. 

4.  To  abstain  from  all  bending  of  the  knees  or  spinal  column. 

The  last  three  conditions  are  essential,  in  order  to  confine  the  work 
done  strictly  to  the  same  muscles,  which,  in  this  case,  are  the  acromial 
diltoid  and  supraspinatus  muscles,  whose  average  weight  in  the  living  sub- 
ject is  about  5'5  oz.  av. 

The  experimenter  must  be  carefully  watched,  in  order  to  ensure  the 
observance  of  these  conditions ;  for  he  is  impelled  instinctively  and  uncon- 
sciously, by  pain,  to  bring  in  other  muscular  fibres  to  aid  those  which  are 
suffering  from  the  constrained  and  regulated  motion.  If  this  be  per- 
mitted, the  law  of  fatigue  will  appear  to  be  violated ;  for  of  the  muscular 
fibres  actually  employed  in  doing  work,  some  are  quite  tired  out  and 
others  not ;  whereas  the  law  of  fatigue  applies  only  to  groups  of  muscles 
all  of  which  are  completely  exhausted. 

for  each  experiment  I  chose  twenty  students  at  random,  using  alto- 
gether about  fifty  different  students ;  and  no  individual  was  experimented 
upon  again  until  an  interval  of  forty-eight  hours  had  elapsed.  The 
object  of  this  arrangement  was  to  avoid  the  effects  of  *'  training."  In  my 
first  Table  I  give  the  mean  result  of  twenty  different  students ;  and  in  my 
second  Table  I  have  selected  one  student,  set  aside  for  the  purpose,  and 
experimented  upon  once  a  week,  so  as  to  prevent  the  influence  of 
"  training."    In  aU  cases  there  were  three  well-marked  stages  : — 

1.  The  work  done  with  ease. 

2.  Accompanied  by  respiratory  distress. 

3.  Accompanied  by  pain  in  the  muscles  used. 

During  the  last  stage  great  care  must  be  taken  to  prevent  changes  in 
the  posture  and  mode  of  motion,  by  which  additional  muscular  fibres 
may  come  in  aid  of  the  fibres  nearly  fatigued. 

Let  W  denote  the  total  work  done,  and  T  the  time  of  doing  it ;  then, 
by  the  law  of  fatigue, 

^=  constant (1) 

If  t&  be  the  weight  held  in  the  hand,  and  a  be  half  the  weiiigVit  ol  l\v^ 
Mm,  and  n  the  number  of  times  the  weights  are  liftelll  Bmc^J^^&sa^^  ^^ 
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raisi  ug  and  lowering  the  arms  is  constant,  n  is  proportional  to  T,  and  the 
law  of  fatigue  gives  the  formula 

(ti;+a)»n=A, (2) 

where  A  is  an  unknown  constant.  In  the  following  Table  I  give  the 
values  of  w  and  the  mean  value  of  n  for  twenty  distinct  persons.  The 
time  of  lift  is  in  all  cases  otu  secatid. 

Table  I.  Mean  of  Twenty  Experiments. 


j         No. 

«"• 

•  (Ob*.). 

ii(odo.). 

Diff. 

lb*. 

. 

1. 

2-56 

131-80 

128-0 

+3-8 

2. 

4-25 

87-55 

78-3 

+9-2 

3. 

6-87 

47-35 

53-5 

-6-2 

4. 

6-87 

40-25 

43-7 

-3-5 

5. 

7-75 

34-60 

87-1 

-2-5 

6. 

9-75 

2716 

26-8 

+0-3 

7. 

14-00 

17-20 

15-4 

+  1-8 

The  column  containing  the  calculated  values  of  n  was  obtained  from 
equation  (2)  by  using  the  values 


a«3-50  lbs., 
A=4699. 


These  values  were  obtained  by  finding  the  value  of  a,  which  renders 
A  most  nearly  a  constant,  or 

aA_ 

A" 


minimum. 


This  Table  gives  7  lbs.  for  the  mean  weight  of  the  arm  of  all  experi- 
mented on,  a  result  which  accords  with  the  knovm  fact«. 

In  Table  II.  I  give  the  results  obtained  from  a  single  student,  as 
already  described,  each  value  of  n  being  a  mean  of  several  experiments, 
closely  concurrent. 

Table  n.  Mr.  Samuel  Warren. 


No. 


fli(obe.). 

n  (cala). 

Diff. 

140-0 

137-6 

+2%5 

91-0 

80-4 

+  4-(; 

630 

OO-l 

-1-2-J) 

43-0 

49-0 

-♦)-0 

40-0 

42-5 

^2'o 

320 

31-0 

+  1-0 

18-5 

17-9 

+  0-6 

1. 

2. 
3. 
4. 
5. 


lU. 
2-56 
4-25 
5-87 
6-87 
7-75 
9-75 

14-00 
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No.  I 


No.n. 
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The  calculated  values  of  n  were  found  from  equation  (2),  using  the 
values 

ft=d-9  lbs., 
A=5737, 

which  were  obtained  from  the  principle  of  least  variation  of  A,  or 

»A 

S3  minimum. 


In  the  accompanying  diagrams  I.  &  XL  (p.  45)  I  have  plotted  the  cubical 
hyperbola  represented  by  equation  (2),  and  also  the  several  observations, 
which  lie  suiEdently  near  the  curve  to  justify  me  in  considering  the  law 
of  fatigue  to  be  a  first  approximation  to  one  of  the  fundamental  laws  of 
muscular  action.  I  have  elsewhere*  shown  that  the  law  of  fatigue  corre- 
sponds with  other  experiments  based  on  different  data. 

If  we  consider  the  useful  work  only,  we  have,  from  equation  (2), 


useful  work  aaWnes 


Aw 


(w-\-ay 


(3) 


This  equation  represents  a  cuspidal  cubic,  whose  ordinate  has  a  maxi- 
mum value,  when  «;=a=s  half  the  weight  of  the  arm. 

The  foregoing  observations  are  in  accordance  with  this  deduction,  as 
may  be  seen  from  Table  III. 

Table  UI.  Useful  Work. 


No. 

w. 

vm  (20  experi- 
ments). 

ttrn  (Mr. Warren). 

llM. 

1. 

2-56 

338 

358 

2. 

4-25 

372 

387     ' 

3. 

6-87 

277 

370 

4. 

6-87 

276 

295 

5. 

7-75 

268 

310 

6. 

9-75 

264 

312 

7. 

14-00 

241 

250 

*  Frinciplee  of  Animal  Mechanics.    London,  1873. 
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November  25,  1875. 

Dr.  J.  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

In  porsuance  of  the  Statutes,  notice  was  given  from  the  Chair  of  the 
ensuing  Anniyersarj  Meeting,  and  the  list  of  Officers  and  Council  pro- 
posed for  election  was  read  as  follows  : — 

Pretident. — Joseph  Dalton  Hooker,  C.B.,  M.D.,  D.C.L.,  LL.D. 

Treasurer, — ^William  Spottiswoode,  M.A.,  LL.D. 

S    gta  '    /  Professor  George  Gabriel  Stokes,  M.A.,  D.C.L.,  LL.D. 

^     '^^'       I  Professor  Thomas  Henry  Huxley,  LL.D.,  Ph.D. 

Forei^  Secretary, — Professor  Alexander  WilUam  Williamson,  Ph.D. 

Other  Members  of  the  Council, — Professor  J.  Couch  Adams,  LL.D. 
Major-General  John  T.  Boileau;  Edward  Viscount  Cardwell,  F.G.S 
Warren  De  La  Eue,  D.C.L. ;  Captain  Frederick  J.  O.  Evans,  E.N.,  C.B 
Edward  Frankland,  D.C.L. ;  Albert  C.  L.  G.  Giinther,  M.A.,  M.D, 
Professor  T.  Wharton  Jones,  F.E.C.S. ;   Joseph    Norman  Lockyer, 
F.B.A.S. ;  The  Eev.  Eobert  Main,  M.A. ;  Professor  Daniel  Oliver,  F.L.S. 
Professor  Edmund  A.  Parkes,  M.D. ;  Eight  Hon.  Lyon  Plajfair,  C.B. 
LL.D. ;  William  Pole,  C.E.,  Mus.  Doc. ;  The  Eev.  Bartholomew  Price, 
M.A. ;  Warington  W.  Smyth,  M.A. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 

I.  "On  the  Eeplaeement  of  Electro-positive  by  Electro-negative 
Metals  in  a  Voltaic  Cell.''  By  J.  H.  Gladstone,  Ph.D.,  F.R.S., 
Fullerian  Professor  of  Chemistry  in  the  Royal  Institution,  and 
Alfred  Tribe,  Esq.,  Lecturer  on  Chemistry  in  Dulwich  Col- 
lege.   Received  July  31,  1875. 

It  is  well  known  that  one  metal  exerts  a  greater  chemical  force  than 
another,  and  is  capable  of  displacing  it  from  its  combinations.  Among 
those  metals  with  which  we  are  familiar,  potassium  is  looked  upon  as  the 
most  powerful ;  and  it  is  a  certain  fact  that  calcium,  barium,  strontium, 
aluminium,  and  magnesium  have  been  isolated  by  its  agency.  It  could 
scarcely  be  expected,  therefore,  that  any  other  metal  could  directly  replace 
potassium.  If  such  should  happen,  we  would  have  an  instance  of  rever- 
sal, and  should  expect  to  find,  on  examination  of  the  conditions,  an  agent 
capable  of  doing  just  the  reverse  work  of  what  is  usually  assigned  to  affinity. 

It  is  also  we)}  known  that  in  a  simple  voltaic  cell,  such  a%  iku^  ^u- 
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nected  with  platmum  in  dilute  hydrochloric  add,  the  more  powerful  or 
electro-positiye  metal  zinc  displaces  the  hydrogen  that  is  in  combination 
with  cUorine,  and  the  hydrogen  makes  its  appearance  against  the  less 
powerful  or  electro-negatiye  metal  platmum.  The  chemical  theory  of 
galvanism  supposes  that  the  force  originates  in  the  chemical  action  which 
takes  place  between  the  zinc  and  the  acid ;  the  contact  theoiy  supposes 
that  it  originates  in  some  unexplained  manner  in  the  opposite  electrical 
condition  of  the  two  metals  induced  by  their  contact.  If  the  chemical 
theory  be  the  true  one,  it  is  evident  that  a  zinc-platinum  cell  can  only  be- 
come active  when  the  binary  liquid  contains  hydrogen  or  some  metal 
which  isless  powerful  than  zLuc.  If,  for  instance,  we  were  to  employ  a 
potassium  salt  instead  of  a  hydrogen  compound,  it  is  inconceivable,  on  the 
pure  chemical  theory,  that  there  should  be  any  action  at  aU. 

Such  an  action,  however,  does  take  place  if  we  substitute  an  aqueous 
solution  of  the  chloride  of  potassium  for  the  hydrochloric  acid ;  the  zinc 
combines  with  the  chlorine,  and  the  potassium  is  set  free  in  some  form, 
against  the  platinum,  manifesting  itself  by  the  presence  of  free  alkali  and 
hydrogen  gas.  The  same  holds  good  with  aqueous  solutions  of  chloride 
of  sodium  or  ammonium,  or  barium,  strontium,  calcium,  or  magnesium. 

This  action  is  slow ;  but  if  magnesium  be  used  instead  of  zinc,  it  takes 
place  sufficiently  rapidly  to  be  easily  observed,  and  we  have  therefore 
studied  the  action  of  platinum  and  magnesium  in  connexion. 

Eaperiments  with  Potassium  Chloride. 

The  solution  employed  was  neutral  to  test-paper,  and  contained  5  grms. 
of  salt  in  100  cub.  centims.  of  water.  A  strip  of  magnesium  connected  with 
one  of  platinum  was  immersed  in  such  a  way  that  the  two  metals  remained 
about  f  inch  apart.  Bubbles  of  gas  immediately  made  their  appearance 
on  the  platinum ;  and  a  strip  of  red  litmus-paper  being  placed  in  various 
parts  of  the  solution,  became  strongly  blue  in  the  vicinity  of  the  platinum 
plate,  whereas  but  the  faintest  trace  of  alkaline  reaction  was  observable 
near  the  magnesium  plate ;  magnesium  was  found  in  solution. 

A  similar  experiment  was  made  in  a  cell  which  was  dirided  in  the 
middle  by  means  of  parchment-paper.  The  strip  of  platinum  in  one  divi- 
sion was  connected  with  the  strip  of  magnesium  in  the  other  by  means  of  a 
wire,  and  allowed  to  remain  for  an  hour,  when  they  were  removed.  The 
liquid  in  the  division  which  had  contained  the  magnesiimi  was  slightly 
turbid  and  faintly  alkaline,  but  did  not  give  ijie  slightest  precipitate  when 
poured  into  a  solution  of  magnesium  sulphate.  The  liquid  in  the  dirision 
that  had  contained  the  platinum  phite  was,  on  the  contrary,  clear  and 
strongly  alkaline ;  and  it  precipitated  magnesium  hydrate  from  the  neutral 
solution  of  that  metal.  This  conclusively  showed  the  presence  of  some 
alkaline  hydrate  other  than  magnesium  hydrate,  and  which  could  not  have 
been  any  thing  else  than  potassium  hydrate.  The  liquid  in  the  second 
division  was  about  eight  thnes  as  alkaline  as  that  in  the  first. 
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We  conceive  that  the  exphination  of  this  reaction  is  that  the  po^ 
taasium  chloride  in  solutioii  is  itself  electrolyzed.  The  occurrence  of  hydro- 
gen against  the  platinum  plate  might  be  ascribed  to  the  electrolysis  of  the 
water,  the  resistance  of  which  was  diminished  by  the  dissolved  salt ;  but 
tiiis  alone  in  no  way  accountfi  for  the  simultaneous  formation  of  free  alkali. 
If  any  objector  should  contend  that  the  nascent  hydrogen  had  decomposed 
chloride  of  potassium,  that  would  still  leaye  the  removal  of  the  acid  un- 
explained ;  and  as  the  liberated  potassium  would  instantly  decompose  an 
equivalent  of  water,  we  should  have  a  chemical  reaction  resulting  in  nothing 
but  the  rostoration  of  the  original  state  of  things, 

H+KC1+H,0=HC1+KH0+H=KC1+II,0+H. 

It  might  be  supposed  that  the  force  produced  by  the  contact  of  the  two 
metals  would  expend  itself  upon  the  decomposition  of  a  small  amount  of  po- 
tassium salt,  and  that  then  the  action  would  cease.  But  experiment  shows 
the  action  just  described  to  be  continuous.  Several  determinations  were 
made  of  the  alkali  in  the  divided-cell  experiment  described  above,  at  30 
minutes'  and  at  60  minutes'  duration.  The  results  were  far  from  uniform ; 
but  on  the  average  the  double  period  showed  an  increase  of  70  per  cent. 
Better  observations  were  obtained  when  the  hydrogen  evolved  was  taken  as 
the  measure  of  the  action.  The  wire  connecting  the  strips  of  magiiesiuip 
and  phitinom  was  caused  to  pass  through  the  whole  length  of  a  graduated 
tube,  which  was  filled  with  the  solution  and  inverted  in  it  as  in  the  annexe^ 
diagram.     Hydrogen  was  evolved  at  once,  and  a  certain  volume  was  col- 
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lected  in  14  minutes ;  a  similar  volume  required  15  minutes,  and  so  on,  as 

in  the  subjoined  Table. 

Time  required. 

First  measure 14  minutes. 

Second     „       15       „ 

Third       „       16  m.  50  sec. 

Fourth    „     • 17  „  40   „ 

Fifth       „       19  „   20   „ 

After  20  hours    25  minutes. 

After  some  time  a  white  precipitate  formed,  the  product  of  the  action 
of  the  potassium  hydrate  and  magnesium  chloride,  which  increased  in 
amount.  The  evolution  of  gas  continued  until  the  whole  of  the  magne- 
sium immersed  had  disappeared. 

Sodium  Chloride, 

Similar  experiments  were  made  with  a  neutral  solution  of  chloride  of 
sodium  contidning  5  per  cent,  of  salt.  Judging  by  one  experiment  with 
the  divided-cell  arrangement,  the  sodium  salt  was  decomposed  somewhat 
more  quickly  than  the  potassium  salt,  as  might  be  anticipated. 

Volta,  in  his  original  pile,  employed  a  solution  of  common  salt  as  the 
exciting  liquid.  It  seems  to  have  been  generally  assumed,  at  least  in  late 
years,  that  it  is  the  water  alone  that  is  decomposed ;  but  as  a  matter  of 
fact  the  plates  become  alkaline. 

Ammonium  Chloride, 

On  employing  a  5-per  cent,  solution  of  ammonium  chloride,  free  ammo- 
nia and  hydrogen  were  obtained  at  the  platinum  plate.  On  causing  the 
platinum  to  dip  into  a  little  mercury  during  the  reaction  the  mercury  in- 
creased in  bulk,  owing  to  the  formation  of  the  so-called  ammonium 
amalgam. 

Chlorides  of  Metals  of  the  AlhaUne  Earths. 

The  chlorides  of  barium,  strontium,  and  calcium  are  easily  decomposed 
by  magnesium  in  connexion  with  platinum.  The  hydrates  pass  into  the 
liquid  until  it  is  saturated,  when  they  precipitate.  Of  course  hydrogen 
Escapes  at  the  same  time  from  the  platinum  plate. 

Other  Combinations. 

As  might  be  expected,  these  actions  are  not  confined  to  chlorides.  The 
sulphates  and  nitrates  of  potassium  and  sodium  give  similar  results  in  the 
magnesium  connected  with  platinum,  an  alkaline  hydrate  always  appearing 
against  the  platinum  plate. 


If  one  metal  in  conjunction  with  another  more  electro-negative  than 
itself  will  decompose  the  salt  of.  a  more  positive  metal  in  aqueous  solution. 
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it  maj  be  expected,  a  fortiori^  that  it  can  decompose  one  of  its  own  salts. 
Instances  of  this  are  not  wanting. 

Magnesium  connected  with  platinum  will  decompose  a  magnesium  salt, 
the  almost  insoluble  hydrate  of  magnesium  being  found  adhering  to  the 
negative  metal.  The  deposition  of  zinc  on  the  plates  of  an  old-fashioned 
battery,  when  the  battery  is  pretty  well  exhausted,  is  a  well-known  phe- 
nomenon. In  our  experiments  with  copper  and  silver  in  conjunction  in 
a  solution  of  nitrate  of  copper,  we  neyer  succeeded  in  reducing  the  gal- 
vanic action  to  nil  by  our  utmost  efforts  to  exclude  all  oxygen :  and  the 
whole  of  the  present  inquiry  originated  in  an  experiment  described  by  us 
before  the  Physical  Society,  that  mercury  and  gold  in  conjunction  would 
decompose  mercuric  chloride  with  the  deposition  not  only  of  the  lower 
chloride,  but  also  of  metallic  mercury  upon  the  gold. 


[We  reserve  for  further  consideration  the  part  played  by  the  water 
in  these  decompositions,  and  the  bearing  of  the  experiments  on  the  rival 
theories  of  voltaic  action. — Nov.  2^^] 


II.  "  On  the  Production  of  Glycosuria  by  the  EflFect  of  Oxygenated 
Blood  on  the  Liver.*'  (Supplement  to  Communication  pre- 
sented June  17th,  1875.)  By  F.  W.  Pavy,  M.D.,  F.R.S. 
Received  August  12th,  1875. 

In  my  former  communication  I  showed  that  the  injection  of  defibri- 
nated  arterial  blood  into  the  portal  system  occasioned  the  immediate 
production  of  marked  glycosuria.  In  the  present  supplement  to  it  I 
purpose  treating  of  the  production  of  glycosuria  by  other  conditions,  lead- 
ing to  the  portal  blood  being  surcharged  with  oxygen.  There  are  also  cer- 
tain collateral  considerations  which  I  shall  afterwards  proceed  to  refer  to. 

After  noticing  the  fact  which  has  been  mentioned,  it  occurred  to  me 
to  try  the  effect  of  endeavouring  to  saturate  the  blood  with  oxygen, 
through  the  medium  of  respiration,  to  an  extent  beyond  the  capacity  ex- 
isting in  the  systemic  capillaries  for  reducing  it  to  its  ordinary  venous 
condition. 

I  first  directed  my  efforts  to  attain  the  object  desired  by  causing  an 
animal  to  breathe  oxygen  instead  of  air. 

The  oxvgen  employed  was  obtained  from  a  mixture  of  chlorate  of 
potash  and  peroxide  of  manganese.  I  constructed  a  vulcanized  india- 
rubber  mouthpiece,  to  fit  tightly  over  the  muzzle  of  the  dog  and  exclude 
the  entrance  of  air.  This  tapered  off  and  was  connected  with  a  piece  of 
vulcanized  tubing,  which  passed  to  a  balloon  containing  the  oxygen  for 
use.  A  valvular  arrangement  was  provided  to  allow  only  t\\e  oxj^xv 
item  the  ImUooD  to  enter  the  cbeet  daring  inspiration,  and  to  caM^  >3ftft 
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expired  gas  to  be  expelled  without  re-entering  the  balloon.  In  this  way 
the  respiration  of  oxygen  could  be  easily  kept  up  as  desired. 

I  found  that  when  the  gas  was  breathed  without  being  purified,  it 
acted  as  a  powerful  irritant  upon  the  respiratory  passages — exciting 
cough,  difficulty  of  breathing  (apparently  from  spasmodic  contraction  of 
the  bronchial  tubes),  and  a  profuse  flow  of  mucous  secretion.  The  cough 
and  excessive  secretion  continued  for  two  or  three  days  and  showed  that 
bronchitis  had  been  set  up.  I  at  first  attributed  these  symptoms  to  the 
presence  of  chlorine,  for  the  gas  possessed  what  appeared  to  be  a  chlo- 
rinous  odour.  On  testing  for  chlorine,  however,  no  reaction  was  pro- 
curable. Ozone  was  then  looked  for,  and  a  strongly  marked  indication  of 
its  presence  obtained.  Acting  upon  this  information,  the  gas  was  passed 
over  peroxide  of  manganese  in  a  granulated  state,  and  was  found  to  be 
completely  deprived  of  both  chlorinous  odour  and  irritating  effect  upon 
the  respiratory  passages.  It  could  now  be  breathed  without  any  incon- 
venience whatever  being  noticeable.  Passage  through  water  also  to  some 
extent  diminished  its  odour  and  irritant  action.  While,  therefore,  ozone 
acts  as  a  powerful  irritant  upon  the  air-passages,  oxygen  is  devoid  of  'any 
irritating  property. 

The  observations  above  recorded  were  made  in  1874.  In  the  second 
supplement  to  Watt's  *  Dictionary  of  Chemistry '  (1876),  I  find  under  the 
article  *'  Ozone "  that  the  chemical  part  of  the  question  has  recently 
formed  the  subject  of  discussion  by  others.  Special  properties  are  spoken 
of  as  belonging  to  the  gas  evolved  from  a  mixture  of  chlorate  of  potash 
and  peroxide  of  manganese ;  and  while  some  attribute  these  to  the  presence 
of  chlorine,  Witt,  in  harmony  with  my  own  observations,  affirms  that 
they  are  due  to  ozone  and  not  to  chlorine. 

With  these  preliminary  remarks  I  come  to  the  description  of  the  results 
obtained  by  the  respiration  of  oxygen  in  relation  to  the  subject  of  this 
communication. 

Amongst  several  experiments  conducted  upon  the  dog,  I  have  met  with 
the  production  of  saccharine  urine  upon  two  occasions,  while  in  the  case 
of  the  others  a  negative  result  was  yielded. 

In  one  of  the  successful  instances  the  animal  was  breathing  the  gas  for 
55  minutes.  It  took  deep  inspirations,  and  no  irritation  was  excited,  nor 
did  any  subsequent  ill-effect  arise.  Indeed  all  that  was  specially  notice- 
able, besides  the  deep  breathing,  was  that  at  the  end  of  the  55  minutes 
a  state  of  apnoea  was  induced,  such  as  is  known  to  be  occasioned  by  in- 
creased i'espiratory  action.  It  was  from  this  occurrence  that  the  inhala- 
tion of  oxygen  was  discontinued,  as  I  felt  apprehensive  about  the  issue. 
In  the  course  of  a  short  time,  however,  the  animal  began  to  breathe  in  a 
natural  way,  and  showed  no  signs  of  disturbance.  The  urine  was  examined 
at  the  commencement  of  the  experiment,  and  gave  no  reaction  of  sugar. 
At  the  end  of  the  55  minutes  there  was  also  no  decided  indication  of  the 
presence  of  sugar ;  but  half  an  hour  later  it  contained  9*6  grains  of  sugar 
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to  the  fluid  ounce ;  half  an  hour  later  still,  10*48  grains ;  and  again  40 
minutes  after  this,  6*31  grains  to  the  fluid  ounce.  At  the  completion  of 
the  inhalation  some  blood  was  collected  from  the  jugular  yein,  and  found 
to  possess  an  intermediate  colour  between  arterial  and  venous.  On  ex- 
amination for  sugar  a  strong  reaction  was  obtainable ;  and  through  ob- 
serving this,  although  no  decided  indication  of  the  presence  of  sugar 
existed  in  the  urine  at  the  time,  I  was  led  to  anticipate  that  it  would  be 
found,  as  proved  to  be  the  case,  bter  on. 

In  the  other  successful  experiment  the  inhalation  was  carried  on  in  a 
deep  and  active  manner  for  half  an  hour  without  anj  irritation  of  the 
sir-passages  being  produced.  When  discontinued,  the  urine  was  found 
to  contain  a  trace  of  sugar ;  and  half  an  hour  later  sugar  was  present  to 
the  extent  of  5*71  grains  to  the  fluid  ounce. 

From  observation  I  have  been  led  to  believe  that  the  issue  in  these 
experiments  with  oxygen  depends  upon  the  manner  in  which  the  process 
of  respiration  happens  to  be  carried  on.  I  have  frequently  noticed  that  the 
movements  of  the  chest  have  been  performed  in  a  signally  sluggish  way.  In 
each  of  the  experiments,  on  the  other  hand,  where  the  production  of  glyco- 
suria occurred,  the  breathing  was  carried  on  in  a  strikingly  deep  and  active 
manner.  It  is  known  that  the  muscular  operationof  respiration  is  ordinarily 
conducted  with  an  inverse  degree  of  activity  to  its  effect  upon  the  blood. 
Through  the  accomroodatmg  relation  existing,  the  more  effective  the  oxy- 
genation of  the  blood,  the  less  actively  are  the  movements  of  respiration 
performed ;  and  thus,  although  the  animal  may  be  supplied  with  oxygen 
instead  of  air,  it  does  not  follow  that  any  altered  result  should  occur. 
In  illustration  of  this  I  may  state  that  upon  one  occasion  I  placed  a  guinea- 
pig  in  a  sealed  glass  jar  and  kept  a  free  current  of  purified  oxygen  passing 
through  for  the  space  of  seven  hours,  without  producing  the  slightest  per- 
ceptible effect  either  at  the  time  or  afterwards  upon  the  animiJ. 

Some  of  my  experiments  with  oxygen  have  been  conducted  upon  frogs ; 
and  the  plan  adopted  has  been  to  place  the  animal  in  a  glass  jar  sealed 
at  the  bottom  with  water,  and  to  pass  a  current  of  the  gas  continuously 
through  it  for  varying  lengths  of  time.  The  urine  is  readily  obtained  by 
pressure  over  the  bladder;  and  by  using  a  small  test-tube  the  amount 
collected  from  one  animal  may  be  quite  sufficient  for  testing.  Many  of 
the  experiments  have  been  attended  with  a  negative  result ;  but  in  some 
a  faint  though  distinctly  appreciable  and  in  others  a  fairly  strong  reac- 
tion of  sugar  has  been  obtained.  Three  or  four  hours'  time  has  sufficed 
for  this  effect  to  be  noticed. 

Finding  that  I  was  dependent  in  the  above  mode  of  experimenting  upon 
the  chance  manner,  as  it  seemed,  in  which  the  process  of  respiration  was 
carried  on,  I  determined  to  resort  to  the  performance  of  artificial  respira- 
tion for  the  purpose  of  removing  the  uncertainty  that  existed.  The 
artificial-respiration  apparatus  which  for  many  years  past  I  have  been 
in  the  habit  of  using  in  my  laboratory  was  constructed  after  my  own 
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design,  and  consists  of  two  bellows  so  arranged  and  adapted  with  vulcan- 
ized tubing  connected  with  a  canula  for  ligaturing  into  the  trachea,  that 
in  working  the  one  inflates  and  the  other  exhausts  the  lungs.  Yalves 
are  provided  so  as  to  determine  this  result ;  and  with  these  in  good  order 

I  have  found,  in  common  with  what  has  been  noticed  by  others,  that 
respiration  can  be  so  ejEEectively  performed  as  to  sufficiently  surcharge 
the  blood  with  oxygen  to  induce  a  state  of  apncsa. 

Now  by  means  of  the  performance  of  artificial  respiration  with  the 
artificial-respiration  apparatus  referred  to,  I  have  succeeded  in  producing 
strongly  saccharine  urine,  and  this  with  the  employment  of  atmospheric 
air.  In  one  experiment  upon  a  dog,  where  the  artificial  respiration  was 
carried  on  for  an  hour,  the  urine,  ten  minutes  after  its  cessation,  gave  a 
strong  reaction  of  sugar.  In  another  experiment  with  the  artificial  re- 
spiration continued  an  hour  and  twenty  minutes,  the  urine,  which  was 
collected  ten  minutes  after  its  cessation,  was  also  strongly  charged  with 
sugar,  and  thirty  five  minutes  later  showed  on  analysis  the  presence  of 

II  grains  to  the  fluid  ounce.  In^each  case,  for  the  sake  of  precision, 
urine  was  collected  and  tested  at  the  commencement  of  the  experiment, 
and  found  to  be  free  from  sugar. 

I  am  indebted  to  Dr.  Lauder  Brunton  for  directing  my  attention  to  a 
recorded  existence  of  the  production  of  glycosuria  by  the  performance  of 
artificial  respiration.  Tieffenbach  (Centralblatt  fiir  die  medicinischen 
Wissenschaften,  1869,  p.  181),  in  referring  to  the  production  of  glycosuria 
in  curarized  rabbits  subjected  to  artificial  respiration,  says  that  he  also 
once  obtained  the  same  result  without  the  previous  poisoning.  This 
seems  to  have  been  a  mere  passing  observation,  while  my  own  experi- 
ments were  elicited  by  a  train  of  reasoning  and  without  the  knowledge 
of  any  previously  published  result  existing.  I  am  not  disconcerted,  how- 
ever, to  find  that  I  have  been  thus  anticipated ;  for  it  is  only  with  the 
question  of  fact  that  I  feel  concerned ;  and  it  is  a  satisfaction  to  learn 
that  the  result  I  have  obtained  is  confirmed  by  the  independent  obser- 
vation of  another. 

In  the  course  of  experimenting  upon  this  subject,  I  discovered  that  the 
inhalation  of  the  fumes  of  burning  puff-ball  (Lycoperdon  giganteum)  is 
rapidly  productive  of  strongly  marked  ^glycosuria;  and  from  certain  phe- 
nomena which  I  observed,  I  at  first  attributed  the  result  to  an  imperfect 
dearterialization  of  the  blood.  I  noticed,  for  instance,  when  a  dog  was 
brought  under  the  amesthetic  influence  of  puff-ball  smoke  that  there  was 
fulness  and  throbbing  of  the  arteries,  that  the  tongue  became  intensely  red, 
and  that  the  veins  underneath  were  in  a  turgid  state  and  filled  with  red 
instead  of  dark-coloured  blood.  I  thought  I  saw  in  these  phenomena  the 
effects  of  a  general  vaso-motor  paralysis,  resulting  in  the  blood  being 
allowed  to  flow  through  the  capillaries  without  becoming  properly  de- 
arterialized,  in  the  same  manner  as  it  is  known  to  do  locally  after  section 
of  certain  parts  of  the  sympathetic. 
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Through  Dr.  Eichardson,  I  have  since  learnt  that  the  active  agent  of 
puff-ball  smoke  was  some  time  back  shown,  by  Thornton  Herepath  and 
Snow,  to  consist  of  carbonic  oxide,  a  gas  which  reddens  blood  in  the 
same  manner  as  oxygen,  but  which,  unlike  oxygen,  is  not  easily  displaced 
by  the  agency  of  other  gases.  Now,  Dr.  Bichardson  haying  noticed* 
that  the  inhalation  of  carbonic  oxide  is  followed  by  glycosuria,  our 
respective  observations  coincide,  and  I  have  no  reason  to  doubt  that  the 
circumstances  are  otherwise  than  identical ;  indeed  a  comparison  of  the 
effects  of  puff-ball  smoke  and  carbonic  oxide  enables  me  to  support  the 
conclusion  that  the  action  of  the  former  is  dependent  on  the  presence  of 
the  latter.  There  is  the  same  kind  of  anaBsthesia,  the  same  red  state  of  the 
blood  contained  in  the  venous  system,  and  the  same  rapid  occurrence  of 
strongly  marked  glycosuria.  No  matter  whether  puff-ball  smoke  or  arti- 
fidaUy  procured  carbonic  oxide  may  be  used,  within  ten  minutes  or  a 
quarter  of  an  hour  after  the  production  of  anaesthesia,  sugar  may  be 
recognizable  to  a  notable  extent  in  the  urine ;  and  a  little  later  I  have 
upon  some  occasions  found  that  my  analyses  have  indicated  the  presence 
of  as  much  as  upwards  of  30  grains  to  the  fluid  ounce. 

Such  is  the  result  to  which  I  desire  to  direct  attention ;  and  I  will 
proceed  to  explain  in  what  way  it  appears  to  me  to  stand  connected  with 
the  subject  under  consideration. 

It  is  seen  that  a  gas  which  produces  the  same  physical  effect  on  the 
blood  as  oxygen  likewise  determines  the  production  of  glycosuria.  The 
bright  scarlet  colour  belonging  to  arterial  blood  is  also  the  colour  which 
is  given  to  blood  by  the  presence  of  carbonic  oxide;  and,  furthermore.  Dr. 
Gtungee  has  shown  that  the  spectral  properties  of  the  compound  of 
colouring-matter  and  carbonic  oxide  are  identical  with  those  of  oxidized 
blood.  There  is  this  difference,  however,  noticeable,  which  seems  to  tell 
in  a  striking  way  in  relation  to  glycosuria.  The  combination  of  colouring- 
matter  and  oxygen  (oxy-hiemoglobin)  is  so  feebly  maintained  that  a  re- 
ducing action  is  readily  exerted  by  the  influence  of  carbonic  add,  and 
hence  the  facility  with  which  oxidized  is  converted  into  deoxidized 
blood.  In  the  case  of  carbonic  oxide,  however,  the  gas  is  so  much  more 
strongly  held,  that  it  is  not  similarly  susceptible  of  being  readily  displaced 
by  other  gases.  As  a  result  of  its  inhalation  the  blood  becomes  charged 
with  it,  and,  by  virtue  of  the  property  alluded  to,  retains  it  while  traver- 
sing the  sjTstemic  capillaries.  In  consequence  of  this  retention  it  is 
allowed  to  reach  the  liver,  and  there  produce  the  effect  which  results  in 
glycosuria.  It  is  to  the  capacity  of  retention  that  I  assume  may  be 
ascribed  the  speedy  occurrence  of  glycosuria  which  follows  its  inhalation ; 
and  I  think  it  may  be  surmised,  seeing  that  oxygenated  blood  acts  in  a 
similar  way  upon  the  liver,  that  if  it  were  not  for  the  easy  manner  in 
which  oxygen  is  withdrawn  from  the  blood  in  its  passage  through  the 
systemic  capillaries,  the  result  of  its  inhalation,  even  under  the  form  of 
'*'  Medical  Times  and  Gazette,  March  8th,  1862. 
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atmospheric  air,  would  be  the  same,  as  far  as  the  urine  is  concerned,  as 
that  of  carbonic  oxide.  On  account  of  the  facility  with  which  the 
abstraction  of  oxygen  is  effected,  we  obtain  our  escape  from  being  glyco- 
suric  under  the  process  of  oxygen  inhalation  naturally  carried  on.  The 
capacity  of  abstraction,  however,  is  not  unlimited,  and,  as  has  been  showTi 
in  this  communication,  glycosuria  may  be  induced  by  artificially  surcharg- 
ing the  blood  with  inhaled  oxygen. 

As  yet  I  have  only  assumed,  without  adducing  any  experimental 
evidence  upon  the  point,  that  the  production  of  glycosuria  by  the  inhala- 
tion of  carbonic  oxide  is  due  to  the  direct  action  of  the  blood  impregnated 
with  the  gas  upon  the  liver.  It  might  be  urged  that  the  effect  is  attribu- 
table to  hypercBmia  of  the  liver,  the  hyperemia  being  brought  about  either 
through  the  state  of  the  arteries  of  the  organ,  or  that  of  the  chylo-poietic 
vessels  in  general  leading  to  increased  pressure  in  the  portal  system. 
An  appeal  to  experiment  has  afforded  a  decided  answer  to  these  sugges- 
tions. 

In  the  first  place  I  ligatured  the  hepatic  artery  of  an  animal  while 
ttnder  the  effects  of  chloroform,  and  afterwards  subjected  it  to  the 
influence  of  puff-ball  smoke.  Before  exposure  to  the  inhalation  of  the 
puff-ball  smoke,  the  urine  was  ascertained  to  be  free  from  sugar.  Twenty 
minutes  after  the  cessation  of  the  inhalation  the  urine  contained  11 1 
grains  of  sugar  to  the  fluid  ounce.  The  hepatic  artery  being  tied,  direct 
arterial  hypersemia  of  the  liver  was  out  of  the  question  as  a  cause 
of  the  glycosuria* 

In  the  next  place  I  directed  my  attention  to  the  question  of  the  possi- 
bility of  the  effect  being  due  to  hyperemia  of  the  liver  occurring  as  a 
result  of  an  increased  activity  of  the  circulation  through  the  chylo^ 
poietic  viscera,  and  thence  an  increased  flow  of  blood  through  the  portal 
vein*  It  was  difficult  certainly  to  realize  that  any  thing  like  the  hypersBmic 
state  producible  through  the  arterial  system  could  be  induced  through 
the  medium  of  the  portal  vein,  looking  at  the  position  of  the  vessel  with 
its  delicate  walled  radicles  and  a  capillary  circulation  behind.  But  how- 
ever this  might  be,  I  determined  to  submit  the  point  to  experimental 
inquiry* 

If  hyper»mia  of  the  liver  from  an  increased  afflux  of  portal  blood  con- 
stituted the  cause  of  the  glycosuria,  it  ought  to  be  averted  on  cutting  off 
a  considerable  portion  of  the  flow  through  the  chylo-poietic  viscera. 

In  one  experiment  to  accomplish  this  I  tied  the  superior  mesenteric 
artery  of  a  dog,  while  the  animal  was  under  the  influence  of  chloroform, 
and  half  an  hour  afterwards  caused  it  to  inhale  a  mixture  of  carbonic 
oxide  and  air,  in  the  proportion  of  one  part  of  the  former  to  nineteen  of 
the  latter.  Notwithstanding  this  extent  of  dilution  it  was  found  neces- 
sary to  allow  the  animal  to  breathe  pure  air  from  time  to  time,  to  prevent 
a  fatal  result  occurring.  The  inhalation  was  carried  on  in  the  manner 
Stated  for  half  an  hour.    Some  urine  was  collected  at  the  commencement, 
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and  found  to  give  no  reaction  with  the  copper  test,  while  that  collected 
at  its  termination  was  freely  charged  with  sugar.  Urine  was  again  col^ 
lected  half  an  hour  later,  and  sufficient  having  been  obtained  for  a 
quantitative  analysis,  sugar  was  found  to  be  present  to  the  extent  of  20 
grains  to  the  fluid  ounce. 

In  another  experiment,  conducted  in  a  similar  manner,  I  tied  the  ccBliao 
axis  and  obtained  a  similar  result.  The  urine  collected  a  quarter  of  an 
hour  after  the  process  of  inhalation  was  highly  charged  with  sugar. 

In  each  of  the  above  experiments  the  perfect  deligation  of  the  arteries 
was  verified  by  dissection  after  death ;  and  with  the  amount  of  blood 
allowed  to  reach  the  porM  vein  so  diminished,  the  liver  must  have  re- 
ceived very  much  less  than  its  ordinary  supply.  I  consider  the  conclusion 
to  be  warranted  that  it  is  by  virtue  of  its  presence  in  the  blood  (and 
probably  through  the  combmation  which  possesses  the  same  physical 
properties  as  oxy-hsemoglobin)  that  carbonic  oxide  determines  the  escape 
of  sugar  from  the  liver  and  thence  the  production  of  glycosuria. 

The  fundamental  point  of  physiological  interest  brought  forward  in 
t^is  communication  is  that  the  passage  of  oxygenated  blood  through  the 
liver  excites  the  transformation  of  its  amyloid  substance  into  sugar. 
Although  I  abstain  at  present  from  committing  myself  to  any  settled 
conclusion  regarding  the  precise  modus  operandi,  yet  the  evidence  before 
me  leads  me  to  think  that  the  effect  is  due  to  the  action  of  the  oxidized 
blood  as  a  ferment,  and  not  to  the  direct  influence  of  oxygen ;  and  under 
this  view  the  inhalation  of  carbonic  oxide  may  lead  to  the  result  observed, 
by  the  compound  with  hsamoglobin,  which  possesses  corresponding  phy- 
sical properties  to  oxy-hsemoglobin,  acting  in  a  similar  way.  I  am  inclined 
also  to  think  that  the  production  of  sugar  is  only  one  part  of  the  event 
occurring. 

It  is  a  noteworthy  fact  that  in  the  puff-ball  and  carbonic  oxide  ex- 
periments there  was  a  strikingly  rapid  disappearance  of  amyloid  substance 
from  the  liver.  Under  ordinary  circumstances  the  decoction  of  the  liver 
is  milky,  from  the  presence  of  amyloid  substance,  but  under  the  conditions 
referred  to  the  decoction  was  found  nearly  or  quite  clear.  Even  in  the 
space  of  about  an  hour  I  have  in  some  instances  observed  the  decoction 
yielded  to  possess  no  sign  of  milkiness  ;  and  there  was  other  evidence  to 
show  that  the  amyloid  substance  had  disappeared. 

On  giving  attention  to  the  position  where  amyloid  substance  is  dis- 
coverable, it  appears  to  be  especially  where  a  limited  amount  of  oxygen 
exists  that  it  is  present.  There  is  no  organ  in  the  body  supplied  with 
venous  blood  like  the  liver,  and  in  correspondence  there  is  no  structure 
which  is  charged  to  a  simibur  extent  with  amyloid  substance.  During  the 
first  portion  of  intra-uterine  life  the  liver  is  free  from  amyloid  substance, 
while  the  liquor  amnii  and  the  fluid  of  the  allantois  contain  sugar.  May 
this  not  arise  from  the  oxygenated  blood  of  the  umbilical  vein  causing 
theMmjrloJd  substance,  which  might  otherwise  accumulate  \ii  l\i^\vN^T, 
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to  pass  into  sugar,  and  thence  determine  a  saccharine  condition  of  these 
liquids  ?  At  a  later  period  of  f cetal  life  the  liver  becomes  charged  with 
amyloid  substance,  and  sugar  is  no  longer  discoverable  in  the  liquids 
named.  But  now  the  chylo-poietic  viscera  have  attained  considerable 
development,  and  would  send  venous  blood  through  the  portal  vein  to  the 
liver.  It  is  a  specially  notable  fact,  in  relation  to  this  point,  that  the 
liver  and  chylo-poietic  viscera  do  not  correspond  in  their  state  of  develop- 
ment at  different  periods  of  foetal  life.  If  they  did  there  would  be  no 
alteration  in  the  relative  supply  of  portal  and  umbilical  blood  to  the 
former  as  time  advanced.  The  liver,  on  the  contrary,  at  an  early  stage  is 
vastly  out  of  proportion  in  size  to  even  every  other  part  of  the  organism. 
In  the  human  foetus,  at  the  third  or  fourth  week  of  embryonic  life,  it 
is  said  to  constitute  one  half  of  the  weight  of  the  whole  body*.  At  the 
commencement,  then,  the  chief  supply  of  blood  to  the  liver  must  be  from 
the  umbilical  vein.  Subsequently,  as  the  developmental  relation  becomes 
altered  and  the  chylo-poietic  viscera  attain  significant  dimensions,  the 
supply  of  venous  blood  must  correspondingly  increase.  This  may  be  ac- 
cepted as  a  necessary  deduction  without  reference  to  the  precise  anato- 
mical disposal  of  the  umbilical  vein  in  relation  to  the  liver.  Under  the 
view  propounded,  what  before  stood  as  an  incomprehensible  phenomenon 
becomes  susceptible  of  rational  explanation. 

While  the  presence  of  amyloid  substance  is  confined,  or  almost  en- 
tirely confined,  in  the  adult  to  the  liver,  it  is  known  to  have  a  somewhat 
wide  extent  of  distribution  amongst  foetal  structures.  Now  in  harmony 
with  this  the  tissues  of  the  foetus,  unlike  those  of  the  adult,  are  supplied 
with  a  mixture  of  venous  and  arterial  blood. 

The  lungs  and  muscles  are  found  to  represent  two  structures  besides  the 
liver  in  which  amyloid  substance  has  been  encountered  in  the  adult;  but 
examination  shows  that  when  it  happens  to  be  here  physiologically  recogni- 
zable it  is  only  so  to  a  comparatively  inconsiderable  extent,  and  this  under 
circumstances  involving  a  reduced  supply  of  arterial  blood.  For  instance, 
it  is  especially  in  muscles  that  have  been  kept  in  a  state  of  rest,  and  in  those 
of  the  hybemating  animal  during  hybernation,  that  the  substance  has 
been  noticed  to  be  discoverable,  and  it  has  been  observed  to  disappear 
under  a  state  of  activity.  The  lung-tissue  during  hybernation  has  been 
found  to  yield  it,  but  fails  to  do  so  when  activity  is  resumed. 

It  is  an  interesting  and  apparently  a  significant  &ct  that  amyloid  sub- 
stance is  present  to  a  notable  extent  in  the  solidified  lung  of  pneumonia. 
I  have  myself  obtained  it  in  considerable  quantity  from  lung-tissue  in 
this  state.  Now  it  happens  that  we  have  here  a  condition,  as  regards 
the  relation  to  blood-supply,  which  closely  resembles  that  of  the  liver, 
for  the  tissue  being  solidified  and  impervious  to  air  will  not  admit  of  oxy- 
genation going  on,  and  the  blood  which  reaches  it  through  the  pulmonary 
artery,  like  the  main  supply  to  the  liver,  is  of  a  venous  character. 
*  Quain's  '  Anatomy,'  7tii  ed.  p.  879. 
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Dr.  Michael  Foeter  has  shown  that  amyloid  substance  exists  largely  in 
the  bodies  of  certain  Entoeoa,  as,  for  instance,  the  round  worm  and  the 
tapeworm.  Again  we  have  a  condition  which  harmonizes  with  the  other 
conditions  under  which  its  accumulation  is  obsen-ed  to  take  place ;  for 
situated  as  these  animab  are  in  the  intestinal  canal,  their' position  is  one 
which  is  peculiarly  restrictive  of  a  supply  of  oxygen.  My  own  observa- 
tions have  revealed  its  extensive  existence  in  the  mantle  of  the  mussel, 
and  Bernard  has  recognised  it  in  the  Lurv»  of  flies.  These  instances,  if 
not  specially  illustrative  of  the  point  under  consideration,  nevertheless 
appear  to  me  to  stand  in  conformity  with  the  previous  evidence. 

Looking  at  all  the  considerations  which  have  been  here  brought 
forward,  I  think  we  may  generalize  and  say  that  the  amyloid  substance 
is  a  body  which  tends  to  accumulate  in  certain  animal  structures  under 
the  existence  of  a  limited  supply  of  oxygen,  and  that  it  is  in  consequence 
of  the  liver  exceptionally  receiving  the  supply  of  venous  blood  it  does,  that 
the  special  condition  belonging  to  it  is  attributable.  I  have  shown  that  the 
undue  transmission  of  oxygenated  blood  to  the  organ  at  once  induces 
an  altered  state,  which  is  rendered  evident  by  the  production  of  glycosuria. 

I  consider  that  another  link  has  been  added  to  the  chain  of  evidence 
against  the  glycogenic  theory,  which  I  have  never  wavered  in  regarding 
as  untenable  since  the  communication  of  my  former  researches  to  the 
Royal  Society. 


III.  "  On  the  Structure  and  Relations  of  the  Alcyonarian  Heliopora 
aerulea,  with  some  Account  of  the  Anatomy  of  a  Species  of 
Sarcophyton ;  Notes  on  the  Structure  of  Species  of  the  Genera 
Millepora,  Pocillopora,  and  Stylaster;  and  Remarks  on  the 
AflSnities  of  certain  Palaeozoic  Corals.''  By  H.  N.  Moseley, 
M.A.  (Oxon.),  Naturalist  to  the  ^Challenger'  Expedition. 
Communicated  by  Professor  Wyville  Thomson^  F.R.S.,  Di- 
rector of  the  Civilian  Scientific  StaflF  of  H.M.S.  ^Challenger/ 
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(Abstract.) 

Introduction. — The  author  having  undertaken  the  examination  of  the 
Deep-sea  Corals  dredged  during  the  voyage  of  H.M.S.  *  Challenger,'  was 
led  to  the  study  of  the  structure  of  corals  generally,  and  especially  to  the 
examination  of  the  MilleporidsB,  which  seemed  of  peculiar  interest,  since 
they  had  been  determined  by  Professor  Agassiz  to  be  Hydroids,  and  had 
been  regarded  by  him  as  living  representatives  of  the  PalsBozoic  Eugosa. 
MUUpora  alcicomis  was  obtained  and  examined  at  Bermuda,  and  another 
species  of  MiUepora  at  Zamboangan,  Mindanas,  Philippine  Islands.  The 
examination  of  these  Milleporos  was  found  to  be  beset  with  ^reat  diffi- 


60  Mr.  H.  N.  Moseley  on  the  [Nov.  25, 

culties,  and  the  present  notes  on  their  structure  are  to  be  regarded  as 
only  preliminary.  Eurther  investigations  will  be  made  with  specimens 
which  it  is  hoped  will  be  obtained  at  the  Sandwich  Islands.  At  Zamboan- 
gan,  Helwpora  coeruUa  was  obtained,  and  found  at  once  to  be  an  Alcyona* 
rian.  Its  structure  is  described  in  full  in  the  paper.  Another  Alcyona- 
rian  of  the  genus  Sarcophyton  (Lesson)  was  examined  for  purpose  of 
comparison.  It  proved  to  present  special  features  of  interest,  and  a  gene- 
ral description  of  its  anatomy  also  is  therefore  given.  .  Notes  are  further 
appended  on  the  anatomy  of  a  species  of  Pocilhpora  obtained  at  Zam- 
boangan,  and  that  of  a  Stylasteraoean  dredged  off  the  Meangis  Islands 
in  500  fathoms. 

Literature  of  the  Subject. — ^Few  original  works  re  lating  to  the  subjects 
treated  of  in  this  paper  were  available  for  reference  on  board  the  *  Chal' 
lenger.'  A  review  of  what  has  been  able  to  be  gathered  of  the  recent 
literature  relating  to  the  Tabulate  and  Bugose  Corals  and  the  Alcyona- 
rians  is  given,  and  also  a  history  of  the  various  systematic  arrangements 
to  which  the  Tabulata  and  Bugosa  have  been  subjected. 

Professor  Agassiz  published  his  opinion  as  to  the  hydroid  affinities  of 
the  Milleporidad  in  1859  ('*  Les  Animaux  des  Mill^pores  sont  de»  Acar 
l^phes  et  non  des  Polypes,"  Bibl.TJniv.  de  Geneve,  Arch,  des  Sci.,  Mai  1859), 
and  figured  the  animals  of  the  MiUepora  alcicomis  in  his  *  Contributian 
to  the  Natural  History  of  the  United  States,'  vol.  iii.  plate  15.  Pourtales 
observed  the  animals  in  company  with  Agassiz.  He  says  that  one  which 
he  saw  was  '*  shorter  than  they  are  represented  to  be  in  the  figure,  and 
had  five  tentacular  masses  rather  than  tentacles."  M.-£d wards  considered 
Professor  Agassiz's  evidence  as  to  the  hydroid  nature  of  Millepora  insuffi- 
cient, as  does  also  Professor  AUman. 

Professors  Claus,  Pourtales,  Verrill,  and  many  other  authors  accept 
Agassiz's  conclusion  with  regard  to  the  MilleporidsB,  but  do  not  accept  his 
views  with  regard  to  the  Bugosa. 

Professor  Verrill  (Silliman's  American  Journal,  1872,  vol.  iii.  pp.  187, 
194)  found  that  PociUopora,  a  genus  with  extremely  well-marked  tabulss, 
was  a  true  Hexactinian,  and  showed  that  the  presence  of  tabulsB,the  cha- 
racter relied  on  by  Professor  Agassiz,  was  of  little  importance.  Pour- 
tales and  L.  Ludwig  have  come  to  the  conclusion  that  the  tetrameral 
arrangement  in  the  Bugosa  is  merely  apparent,  and  that  the  original 
arrangement  in  the  young  coral  was  hexameral.  Professor  Martin  Dun- 
can arrived  at  similar  conclusions  from  the  examination  of  Quynia  annulata. 
Kunth,  however,  still  adheres  to  the  tetrameral  primary  division.  Lind- 
strom,  the  first  discoverer  of  the  opercular  apparatus  of  certain  Bugosa, 
compares  these  structures  with  skeletal  structures  of  Primnoa,  The 
latest  paper  on  the  classification  of  Corals  is  by  M.  DoUfus  (Comptes 
Bendus  de  I'Acad.  des  Sciences,  t.  Ixxx.  no.  10,  8  Mars  1875,  pp.  681- 
683).  M.  Dollf us  connects  together  the  genera  lieliolites  and  Propora  with 
Heliopora  and  Seriatopora  by  means  of  Pocillopora,  considering  all  these 
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to  be  Hjdroids.     FavosiUs^  with  many  other  genera  of  FalsBOzoic  Corals, 
he  considers  to  be  a  Bryozoon. 

Methods  employed. — ^The  corals  examined  were  hardened  in  alcohol  or 
chromic  acid,  decalcified,  and  cut  into  fine  vertical  and  horizontal  sections. 
Sections  of  the  hard  parts  were  rubbed  down  in  the  usual  manner. 
Portions  of  Heliopora  casrtdea  were  also  examined  in  the  fresh  state. 

On  the  Structure  of  Heliopora  c»rulea. — Heliopora  ccendea  was  found 
growing  in  abundance  on  reefs  near  Zamboangan  at  low  tide«  The 
polyps  were  never  seen  expanded,  though  pieces  of  the  coral  were  care- 
fully transferred  to  a  glass  yessel  without  being  removed  from  the  water. 
The  living  coral  is  perforated  in  all  directions  by  a  parasitic  Annelid 
(Leucodora),  The  corallum  of  Heliopora  is  remarkable  for  the  tubular 
character  of  its  coenenchym,  which  consists  of  a  series  of  tubes  arranged 
side  by  side  at  right  angles  to  the  surface  of  the  coral,  open  above  but 
closed  below  by  successive  transverse  partitions  or  "  tabulaD.**  The  calides 
are  tubes  essentially  similar  to  the  tubes  of  the  coenenchym,  but  larger. 
They  are  said  by  M.-Edwards  to  have  twelve  septa  appearing  as  plications 
of  the  wall  of  their  cavities.  The  number  is,  however,  very  variable^ 
The  tabulffi  of  the  calide  are  exactly  similar  in  structure  to  those  of  the 
coenenchym.  The  hard  tissue  is  composed  of  doubly  refracting  calcareous 
matter,  which  has  a  half -crystalline,  half-fibrous  structure.  It  is  dis- 
posed in  a  series  of  systems  vertically  to  the  surface  of  the  corallum,  the 
axes  of  which  systems  lie  in  the  interspaces  between  the  coenenchymal 
tubes.  In  each  system  the  fibres  of  hard  tissue  are  disposed  radially 
around  the  central  vertical  axes,  and  at  the  same  time  with  an  upward 
inclination  at  an  equal  angle  all  around* 

The  colony  of  Heliopora  is  developed  entirely  by  budding.  In  a 
growing  point  of  the  corallum  the  ccBuenchymal  tubes  are  widely  open 
and  polygonal  in  outline.  New  caHcles  are  formed  by  the  junction  of  a 
number  of  tubes  around  a  central  tube  or  tubes  arrested  in  growth 
which  form  a  base.  The  outer  walls  only  of  the  surrounding  tubes  con- 
tinue to  grow  and  form  the  lateral  wall  of  the  calicle.  The  newly 
formed  calicle  thus  has  tubular  prolongations  at  its  base,  and  the  so- 
called  septa  are,  in  the  main,  due  to  the  circumstance  that  the  wall  is 
composed  of  a  series  of  fused  curved  outer  walls  of  tubes.  The  calca- 
reous matter  is  deposited  in  a  finely  fibrous  calciferous  tissue,  connected 
apparently  with  the  formation  of  which  is  a  layer  of  connective  tissue 
which  everywhere  covers  the  hard  parts. 

There  is  no  trace  of  the  corallum  of  Heliopora  being  composed  of  fused 
spicules  as  in  the  case  of  Corallium  and  Tubipora\ 

*  The  fiurt  that  the  corallum  \a  so  formed  in  T\ilipora  seems  to  have  been  hitherto 
unknown  (Glaus,  '  Grundzuge  der  Zoologie/  3*  Aufl.  p.  204).  It  is  plainly  shown  at  the 
mouth  of  any  growing  tube  in  spirit  specimens.  Professor  Wyville  Thomson  drew 
my  attention  to  the  fact,  an  account  of  which  he  thinks  has  been  published  bj  Pro- 
fsMOr  Peroerml  Wright  in  the  *  Annals  and  Magazine  of  Natural  History.'        j 
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The  deep  blue  colouring  of  the  corallum  of  Heltopora  is  due  to  an 
amorphous  colouring-matter  insoluble  in  strong  hydrochloric  acid,  but 
soluble  in  acidified  alcohol.  It  forms  an  intensely  blue  solution  of  a  sul- 
phate of  copper  colour,  which  transmits  the  blue  and  part  of  the  green 
only  of  the  spectrum. 

In  the  soft  tissues  of  Heltopora  an  ectoderm,  entoderm,  and  mesoderm 
are  to  be  distinguished.  The  ectoderm  is  composed  of  club-shaped  cells ; 
it  has'the  usual  disposition.  Small  oval  nematocysts  are  present  in  it 
and  in  the  upper  part  of  the  mesodermic  layer  beneath.  The  mesoderm 
consists  of  three  histological  elements,  homogeneous  connective  tissue, 
layers  of  connective-tissue  cells,  and  finely  fibrous  caldferous  tissue. 
Prolongations  of  the  two  former  form  sacs  lining  the  ccenenchymal  tubes 
and  calicles.  The  sacs  are  further  lined  by  the  entoderm,  which  consists 
of  spherical  cells  containing  yellow  pigment,  as  in  other  Alcyonarians. 
Only  a  surface-layer  in  Heliopora  is  living.  Hardly  any  soft  tissue  is  to 
be  found  in  the  tubes  beneath  the  last-formed  tabula.  The  sacs  lining 
the  tubes  do  not  communicate  anywhere  directly  with  the  exterior,  but 
are  connected  with  one  another  above,  and  with  the  calicular  cavities, 
by  wide  transverse  canals.  The  superficial  tissues  are  permeated  by 
smaller  canals.  The  polyps  of  Hdiopora  have  eight  mesenteries  and 
eight  lobed  tentacles.  In  the  contracted  state  of  the  polyp  the  tentacles 
are  completely  introverted,  and  rest  in  the  inter-mesenterial  spaces. 
The  stomach  is  like  that  of  any  other  Alcyonarian.  Betractor  muscles  are 
present,  which  are  disposed  with  regard  to  the  mesenterial  plates  as  in 
Pennatulids,  showing  a  "  Dorsalfach  "  and  "  Ventralf ach."  No  definite 
protractor  muscles  were  observed  to  be  present.  No  regular  arrangement 
of  the  eight  mesenteries  with  regard  to  the  twelve  so-called  septa  could 
be  found.  Eight  mesenterial  filamente  are  present,  two  of  which  appear 
to  be  longer  than  the  others.  In  three  individuals  only  of  the  single 
colony  examined  were  ova  found — in  one  four  ova,  in  the  others  only 
one.  The  ova  are  attached  to  the  mesenteries.  The  four  ova  were 
attached  to  four  separate  mesenteries.  No  male  elements  were  found. 
The  colonies  are  probably  unisexual.  The  arrangement  of  the  polyps  in 
the  colony  is  somewhat  irregular ;  but  the  *'  Dorsalfach  "  seems  always  to 
be  uppermost  in  the  vertical  plates  of  which  the  coral  consists,  the  polyps 
being  thus  placed  back  to  back. 

On  the  Structure  of  Sarcophjrton,  sp. — An  Alcyonarian  was  obtained  at 
the  Admiralty  Islands  which  agrees  in  every  respect  with  Lesson's  genus 
SarcophyUm  (M.-Edwards,  Hist.  Nat.  des  Corall.  t.  i.  p.  22).  A  genus 
called  Sarcophyion  is,  however,  cited  by  Glaus  as  having  been  formed  by 
Sars.  The  Alcyonarian  is  mushroom-shaped.  Two  kinds  of  individuals, 
zooids  and  polyps,  compose  the  colony ;  the  stem  is  composed  of  large 
tubes  (**  sinus'*),  the  prolongations  of  polyp-cavities.  The  polyps  offer  no 
marked  peculiarities ;  their  retractor  and  protractor  muscles  are  arranged 
as  in  Pennatulids  with  regard  to  the  mesenteries.     They  have  two  me- 
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oenterial  filamenis  longer  than  the  rest.  The  sooids  have  eight  short 
mesenteries,  four  of  which,  the  "  dorsal "  and  '*  ventral,"  are  deeper  than 
the  rest.  They  have  two  mesenterial  filaments,  the  dorsal  only,  Thej 
have  no  tubercles  and  no  generative  organs.  They  have  a  simple  globular 
stomach,  communicating  by  a  short  tube  with  the  exterior,  and  lined  ^4th 
long  cilia.  A  sarcosome  of  transparent  homogeneous  connective-tissue, 
containing  small  ramified  nucleate  corpuscles,  connects  the  polyp-  and 
£0oid-cavi1ies ;  these  cavities  are  connected  by  vertical  and  horiEontai 
systems  of  canals.  The  vertical  canals  are  continuous  with  the  bottoms 
of  the  20oid-cavities ;  they  form  net\i'orks  of  canals  in  the  sarcosome. 
The  sarcosome  contains  elongate  tuberculate  spicules  of  the  usual  form, 
which  are  largest  and  most  thickly  set  in  the  stem  of  the  SarcophyUm, 
Smaller  spicules  are  present  in  the  tentacles  of  the  polyps.  The  spicules 
show  a  special  sheath  of  transparent  tissue,  in  which  structure  was  not 
seen.  The  "  Dorsalf  acher  "  of  the  polyps  and  zooids  have  a  general  direc- 
tion towards  the  central  axis  of  the  stem  and  centre  of  the  pileus ;  but  both 
polyps  and  zooids  are  often  more  or  less  twisted  on  their  axes. 

On  the  Structure  of  Millepora. — The  examination  of  Millepora  is  beset 
with  serious  difficulties  ;  the  present  notes  are  merely  preliminary.  The 
calcareous  ccenenchymal  tissue  of  Millepora  differs  extremely  from  that 
of  Hdiopora  in  being  reticulate,  not  tubular :  in  histological  structure 
it  is  similar  to  Heliopora,  The  coral  has  only  a  thin  superficial  layer  of 
soft  living  tissue,  composed  of  a  network  of  canals  filled  with  cells  re- 
sembling those  of  the  canals  of  Alcyonarians,  and  covered  externally  with 
nematocysts.  Two  kinds  of  nematocysts,  small  and  large,  are  present : 
the  small  ones  are  confined  to  the  tentacles.  Two  kinds  of  polyps  are 
present,  large  and  small.  Tentacles  are  present  in  both  kinds ;  they 
appear  to  be  four  in  number  and  compound.  They  are  simply  retracted 
by  means  of  muscular  fibres,  which  are  arranged  round  the  base  of  the 
cylindrical  stomach  radially,  but,  as  far  as  has  yet  been  seen,  without  any 
disposition  in  definite  groups.    No  mesenteries  have  been  seen. 

On  the  Structure  of  Pocillopora  (P.  acuta). — The  corallum  is  very 
dense  and  composed  of  definite  prisms  of  calcareous  matter,  which  show  a 
transverse  banding,  somewhat  like  that  of  striped  muscular  fibres.  The 
polyps  have  twelve  tentacles,  six  large  and  six  small,  and  twelve  mesen- 
teries with  long  mesenterial  filaments  coiled  up.  A  very  thin  layer  of 
living  tissue  covers  the  corallum ;  it  is  devoid  of  canals. 

On  the  Structure  of  Stylaster. — A  Stylaster  dredged  in  600  fathoms  was 
found  to  have  the  tentacles  disposed  between  the  calcareous  septa,  as  was 
shown  to  be  the  case  in  Allapora  oculina  by  Sars  (Forh.  Selsk.  Chr.  1872, 
p.  116).  The  septa  are  twenty-two  in  number,  and  the  tentacles  also 
twenty-two.  The  stomach  has  a  conical  projecting  mouth  or  proboscis, 
as  seen  by  Sars  in  Allopora  oculina.  It  has  apparently  no  inferior  out- 
let. There  are  no  well-defined  mesenteries,  and  no  mesenterial  filaments. 
A  very  open  network  of  soft  tissue  surrounds  the  stomach  and  tube 
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leading  to  it  from  the  circle  of  the  tentacles.  Suspended  in  this  reticu- 
late tissue  are  the  testes,  large  sacs  filled  with  spermatic  cells  disposed 
sometimes  in  one,  sometimes  in  two  vertical  rows;  thej  occupy  the 
interior  of  the  ampullse.  These  corals  are  dioecious.  Cryptohelxa  resembles 
Stylaster  most  closely  in  structure,  and  is  also  dioecious. 

Vegetable  Parasites, — ^The  corallum  of  both  Millepora  and  Pocillopora 
is  permeated  by  fine  ramified  canals,  formed  by  parasitic  vegetable  organ^ 
isms  of  the  same  nature  as  those  described  by  Dr.  Carpenter  and  Professor 
Kolliker  as  occurring  in  the  shells  of  moUusks  &c.  The  organisms 
were  found  in  abundant  fructification;  they  are  green,  but  otherwise 
appear  to  be  fungi,  as  are  the  parasites  of  shells  &e.  Similar  parasites 
are  to  be  found  in  various  coraUa  from  widely  distant  parts  of  the  world. 

Conclusions. 

ffeliopora  is  most  undoubtedly  an  Alcyonarian.  The  number  of  its 
mesenteries,  and  the  distribution  with  regard  to  them  of  the  retractor 
muscles,  the  form  and  number  of  its  tentacles,  are  decisive  evidence  in 
the  miatter ;  and  this  evidence  is  borne  out  by  almost  every  item  of  histo- 
logical structure.  In  the  peculiar  manner  in  which  the  retraction  of  the 
tentacles  takes  place,  viz.  by  introversion,  Hdiopora  seems  to  differ  from 
all  other  Alcyonarians  except  CoraUium*.  From  both  CoraUium  and 
Tuhipora,  ffeliopora  differs  in  that  the  hard  tissue  of  its  corallum  shows 
no  signs  of  being  composed  of  fused  spicules,  but  in  its  histological  struc- 
ture most  closely  resembles  Zoantharian  Corals.  With  the  Milleporid» 
and  with  the  Fodlloporidss  and  Seriatoporidse  ffeliopora  is  allied  solely 
on  account  of  its  possession  of  tabulsB.  Now  that  an  Alcyonarian  is 
added  to  the  list  of  various  Anthozoa  possessing  these  peculiar  structures, 
their  presence  becomes  of  less  classif  actory  importance  even  than  Professor 
Yerrill  proved  it  to  be.  There  can  hardly  be  a  doubt  that  Seriatopora 
will  prove  to  be,  like  Pocillopora,  a  Zoantharian ;  and  Millepora  is  certainly 
very  different  in  structure  from  ffeliopora,  •  ffeliopora  thus  stands  quite 
alone  amongst  modem  forms ;  and  in  the  peculiar  structure  of  its  cellular 
coenenchym  it  is  so  remarkable  that  it  is  unlikely  that  on  examination  of 
the  soft  parts  of  other  corals,  at  present  known  from  their  coralla  only^ 
any  near  relatives  of  it  will  be  discovered.  Amongst  extinct  forms,  how- 
ever, ffeliopora  has  several  close  allies,  and  the  genus  itself  existed  in  the 
Cretaceous  period.  The  genus  PoUftremacis  differs  apparently  only  in  the 
more  perfect  development  of  the  so-called  septa,  which  reach  to  the 
centres  of  the  tabul®.  The  genus  occurs  in  the  Chalk,  Qreensand,  and 
in  Eocene  formations,  ffeliopora  has,  further,  a  very  closely  allied  pa'aeo- 
zoic  representative  in  ffeUolites,  in  which  the  coenenchymal  tubes  are  pro- 
vided with  very  closely  placed  tabulae. 

*  I  have  found  no  information  on  this  point  in  any  of  the  text-books;  but  in 
8chmarda*8  *  Zoologie '  there  is  a  figure  of  CoralHum,  copied  from  Laoaze-Duthiers^s  'Hint. 
Nat.  du  Corail,'  in  which  the  tentacles  are  drawn  introverted  as  thej  are  in  Heliopora, 
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The  three  genera  Heliopora,  Polytremacis,  and  Hdiolites  differ  from 
one  another  to  so  slight  a  degree  that  they  are  placed  under  the  one 
gennff  Hdiopora  by  Quenstedt.  To  include  these  three  genera,  a  new 
family  of  Alcyonarians  must  be  formed,  for  which  the  term  Helioporidsd 
appears  most  suitable,  which  family  may  from  the  recent  species  be  thus 

characterized: — 

Family  Heliopobid-b. 

A  compact  corallum  present,  composed  of  a  fibro-crystalline  calcareous 
tissue  as  in  Madreporaria.  Corallum  consisting  of  an  abundant  tubular 
ecsnenchym,  and  with  calicles  having  an  irregular  number  of  lateral 
ridges  resembling  septa.  Calicles  and  coenenchymal  tubes  closed  below 
by  a  succession  of  transverse  partitions.  Polyps  completely  retractile, 
with  tentacles  when  in  retraction  introverted.  Mouths  of  the  sacs  lining 
the  coenenchymal  tubes  closed  with  a  layer  of  soft  tissue,  but  communi- 
cating with  one  another  and  with  the  calicular  cavities  by  a  system  of 
transverse  canals. 

The  structure  of  the  coenenchym  of  the  Helioporid»  is  entirely  unique 
amongst  Anthozoa ;  no  other  form  has  a  coenenchym  composed  thus  of 
a  series  of  long  tubes  packed  side  by  side,  and  lying  parallel  to  the 
caiicukr  tubes  and  at  right  angles  to  the  surface.  It  is  to  be  remarked 
that  the  tubes  are  like  the  calicles  in  being  open  above,  that  they  have 
walls  composed  in  exactly  the  same  manner  as  those  of  the  calicles,  and 
that  they  are  closed  below  at  intervals  in  the  same  way  by  exactly  similar 
tabol®.  Further,  the  soft  tissues  lining  the  cavities  of  the  coenenchymal 
tubes  are  identical  in  structure  with  those  lining  the  calicular  cavities, 
and  the  same  transverse  system  of  canals  connects  the  summits  of  the 
tubes  with  one  another  and  with  the  summits  of  the  calicular  cavities. 

It  seems  by  no  means  improbable  that  the  coenenchym  here  is  com- 
posed of  the  tubes  of  absorbed  polyps  or  zooids  which  have  lost  the 
rudimentary  organs,  which  they  still  possess  in  such  a  form  as  Sarcojphy- 
ion^  and  have  become  mere  tubular  cavities,  whose  openings  to  the  ex- 
terior even  have  been  obliterated;  it  seems  impossible  otherwise  to 
account  for  the  presence  of  the  successions  of  tabuke  in  the  coenenchymal 
tubes.  The  foregoing  considerations  are  suggested  by  the  circumstance 
that  a  series  of  fossil  corals,  grouped  by  M.-Edwards  under  the  Tabulata, 
appear  most  probably  to  have  been  Alcyonarians  as  well  as  Heliopora. 

The  genus  Chaietes  was  considered  by  Keyserling  to  have  belonged  to 
the  Alcyonarians,  because  of  the  absence  of  septa  in  it,  and  the  mode  in 
which  its  polyps  are  grouped ;  but  Milne-Edwards  retains  it  amongst  the 
Zoantharians,  because  of  it«  close  resemblance  to  the  Favositidw,  in 
which  the  presence  of  septa  is  regarded  as  conclusive  in  deciding 
against  Alcyonarian  aflfinity.  The  presence  of  calcareous  septa,  how- 
ever, must  now  be  considered  a  character  of  less  importance  than  it 
formerly  was.  As  is  seen  in  the  case  of  ffeliopora  pseudo-septa  may 
exist,  which  do  not  necessarily  correspond  in  any  way,  in  disposition  or 
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number,  with  the  membranous  mesenteries.   In  StyloBter  and  Cryptohdia, 
the  calcareous  septa  are  obviously  formed  as  inf oldings  of  the  margin  of 
the  calides.     Here  the  septa  are  between,  instead  of  opposite  to  the 
tentacles ;  and  membranous  mesenteries  appear  to  be  absent,  or  at  all 
events  rudimentary  only.    In  the  FavositidaB  the  septa  seem  to  have  been 
no  more  perfect  than  they  are  in  Heliopora^  and  to  have  been  most 
variable  in  number,  but  often  twelve,  as  also  in  Hdiopora.    M.-Edwards 
describes  from  10  to  12  septa  in  Favoeites  goMandica.    In  Michelinia 
favosa  30  to  40  subequal  septal  strisd  are  to  be  made  out  at  the  upper 
margin  of  the  wall  of  the  calicle.      T  cannot  refer  to  specimens  ;  but  it 
seems  not  unlikely  that  the  septa  in  the  Favositidfle  were  pseudo-septa  as 
in  ffeliopora,  and  that  these  coralla  were  formed  by  Alcyonarians,  the  per- 
forations in  the  walls  having  transmitted  transverse  canals  like  those  of 
ffeli<>paraaiidSarcophyton,&nd  the  coralla  being  free  of  tabular  coenenchym, 
because  none  of  the  polyps  were  aborted  as  in  ffeliopora.     Some  Favosi- 
tidsB  seem  to  have  formed  a  compound  colony,  consisting  of  polyps  and 
zooids,  as  Favosites  Forbesii,  where  a  few  large  cells  are  seen  set  amongst 
numerous  surrounding  small  ones.     Hdiolites  seems  to  a  certain  extent 
to  form  a  transition  stage  between  a  condition  such  as  that  in  Favosites 
Forh^ii  and  the  condition  in  Heliopora ;  for  in  Heliolites,  the  more  ancient 
form,  the  coenenchymal  tubes  are  regularly  hexagonal,  and  apparently 
much  more  nearly  equal  in  breadth  to  the  calicles  than  in  ffeliopora.    In 
the  growing  points  of  ffeliopora  the  hard  parts  are  made  up  of  a  series 
of  open,  often  hexagonal  tubes,  and  resemble  Favosites  in  their  surface 
aspect.     In  ffeliopora  the  transverse  canals  pass  over  notches  in  the 
summits  of  the  walls  of  the  coenenchymal  tubes  and  calicles,  in  order  to 
place  these  cavities  in  communication  with  one  another.    In  Favosites  the 
calcareous  tissue  surrounded  the  transverse  canals,  and  the  perforations 
in  the  walls  of  the  calicles  were  thus  produced. 

If  Favosites  was  an  Alcyonarian,  Chastetes  was  of  course  also  of  that 
group.     The  genus  Alveolites  amongst  the  FavositidaB  is  peculiar  for  the 
possession  of  three  tooth-like  prominences  as  the  only  representatives 
of  septa.     One  tooth,  well  developed,  is  situate  inside  the  calicle ;  on 
that  side  of  each  calicle  which  lies  externally  in  the  colony,  and  opposed 
to  this  on  the  tip  of  the  calicle  next  the  interior  of  the  colony,  are  a 
pair  of  rudimentary  teeth.     This  arrangement  reminds  us  at  once  of 
the  distinction  of  dorsal  and  ventral  mesenterial  interfaces  in  Alcyo- 
narians, and  the  direction  of  all  the  "  Dorsalfiicher"  in  Sarcophyton  and 
ffeliopora  towards  the  central  axis  of  the  colony.     In  Alveolites  the  two 
teeth  seem  to  correspond  to  the  "  Dorsalfach,"  and  the  single  one  to  the 
"  Ventralfach,"  the  two  teeth  having  occupied  the  space  devoid  of  retractor 
muscles.     Kolliker  describes  a  series  of  teeth  as  existing  at  the  margin 
of  the  calicle  in  Eenilla,  which  follow  a  constant  law  in  their  relation 
to  the  septa.    When  only  one  tooth  is  present  it  is  opposite  the  "  Dorsal- 
fach ;"  when  three,  one  is  opposite  the  "  Dorsalfach,"  .and  the  two  others 
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opposite  the  lateral  ^'Yentralfach.''  In  Alveolites  the  one  tooth  is  ventral 
instead  of  dorsal.  In  Syringopora  the  septa  seem  to  be  very  much  of 
tiie  same  nature  as  in  ffeliapora ;  and  in  Heliopora,  as  akeady  described, 
the  tabul»  are  not  merely  transverse  floors,  but  the  bottoms  of  cups  of 
haid  tissue  fitted  inside  the  older  tubes  and  calicles.  In  Syringopora 
thiB  condition  of  the  tabulae  is  much  more  marked,  and  the  corallum 
appears  as  if  formed  of  a  series  of  calicles  fitted  one  within  another. 

A  difficulty  appears  to  arise  from  the  peculiar  mode  of  the  develop- 
ment of  the  calicles  by  budding  in  Heliopora,  the  foldings  of  the  walls 
of  the  calicles  being  due,  to  a  considerable  extent  at  least,  to  the  forma- 
tion of  these  walls  from  a  circle  of  ccenenchymal  tubes.  The  septa  are, 
however,  not  entirely  formed  in  this  way.  It  would  of  course  be  of 
great  interest  to  see  whether  the  primitive  calicle,  in  the  developing 
Hdiopora  colony,  forms  calcareous  septa. 

Heliopora  having  so  commonly  twelve  septa,  and  in  conjunction  with 
these  eight  mesenteries,  it  was  at  first  thought  that  here  some  key 
would  be  found  to  the  elucidation  of  the  question  of  the  relations  of  the 
tetrameral  corals  to  the  Hexoctinions ;  but  no  definite  arrangement  of 
the  eight  mesenteries  to  the  twelve  septa  could  be  discovered.  Ludwig 
and  Pourtales  have  concluded  that  the  tetrameral  condition  in  the 
Bugosa  is  the  result  of  a  modification  of  an  originally  hexamerol  arrange- 
meut — ^that  the  Bugosa  are,  in  fact,  modifications  of  the  Hexactinian  t3rpe. 
Kunth,  however,  using  similar  methods,  has  come  to  an  opposite  con- 
clusion. Now  that  it  is  known  that  an  Alcyonarian  exists  which  con- 
structs a  solid  calcareous  corallum,  in  histological  structure  scarcely,  if 
at  all,  to  be  distinguished  from  that  of  many  Madreporaria,  and  that 
this  Alcyonarian  also  possesses  marked  calcareous  septa,  which  septa 
show,  notwithstanding  the  octameral  arrangement  o£  the  mesenteries,  a 
hexameral  disposition  in  being  often  twelve  in  number,  it  seems  that 
the  question  of  the  afiinities  of  the  Bugosa  may  fairly  be  reopened.  The 
presence  of  well-marked  calcareous  septa  in  Cryptohelia  and  other 
Stylasteridffi  (which  septa  ore  equal  to  the  tentacles  in  number,  but 
nevertheless  to  be  regarded,  like  those  of  Heliopora,  as  pseudo-septa) 
is  significant.  The  marked  tetrameral  arrangement  of  the  septa  in  Eugosa, 
and  the  presence  in  many  forms  of  tabulse,  are  certainly  characters  not 
opposed  to  the  alliance  of  these  corals  with  the  Alcyonarians ;  and  the  fact 
that  paired  series  of  opercula  occur  in  certain  Bugosa,  which  are  com- 
pared by  Lindstrom,  their  discoverer,  to  the  skeletal  structures  of  certain 
PrimnoaSf  seems  to  be  evidence  in  favour  of  such  an  alliance  of  the  very 
strongest  kind.  In  no  Madreporaria  do  paired  hard  structures,  at  all  re- 
sembling those  of  Primnoce  or  of  Ooniophyllvm  pyramidale,  occur.  '  The 
opercular  structures  in  the  coralla  of  Cryptohelia  and  Lepidopora  can 
scarcely  be  regarded  as  comparable  with  the  opercula  of  Bugosa.  The 
structures  are  merely  folds  oi  the  lip  at  the  calicle,  and  are  eou^uoviA 
with  jtMBdmimorMe,  Dot  movable  /separate  articulate  structux^.  ^^IL&sv^ 
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Bugosa  show  an  arrangement  which  may  well  be  compared  to  the  di- 
stinction of  dorsal  and  ventral  regions  in  Alcjonaria.  The  most  important 
distinctive  character  of  the  Eugosa  appears  to  be  the  occurrence  in  them, 
alone  of  all  Anthozoa,  of  intracalicinal  gemmation  *. 

With  regard  to  ^ar«)p%<(m,.  the  fact  that  compound  colonies  composed 
of  multitudes  of  zooids,  combined  with  a  lesser  number  of  sexual  polyps, 
occur  amongst  the  AlcyonidsB,  as  well  as  amongst  the  PennatuhdaB,  in 
which  they  are  so  well  known  from  KoUiker's  great  work,  appears  to  be 
new  to  science.  That  in  such  colonies  and  in  Heliopora  the  "  Dorsal- 
facher  "  are  all  turned  towards  the  axis  of  the  colony  and  directed  upwards 
is  also  a  new  fact.  The  zooids  in  their  structure  seem  to  conform  very 
closely  to  those  of  Pennatulids  (Sareophyllum,  e.  g.)  ;  but  to  the  list  of 
distinctive  differences  between  the  zooids  and  polyps  of  Pennatulids 
given  by  Kdlliker,  viz.  the  absence  in  the  zooids  of  tentacles,  the 
presence  of  two  mesenterial  filaments  (the  dorsal  ones),  the  absence  of 
generative  organs,  and  the  shortening  of  the  hypogastric  region  to  such 
an  extent  that  it  fuses  with  the  anastomosing  canal-system — ^to  these 
marks  of  distinction  must  be  added,  in  the  case  of  the  zooids  of  Sarco- 
phyton,  the  fact  that  four  of  the  mesenteries,  the  dorsal  and  ventral 
pairs,  are  deeper  than  the  others. 

It  seems  extremely  difficult  to  reconcile  the  extraordinary  succession 
of  the  mesenteries  in  the  development  of  the  ZoaJitharians,  discovered 
by  Lacaze-Duthiers,  with  the  facts  presented  by  Alcyonarians.  Did  the 
development  of  the  eight  mesenteries  of  Alcyonaria  correspond  with 
that  of  the  first  eight  mesenteries  formed  in  ActiniadsB,  the  first  mesen- 
teries formed  would  be  either  the  lateral  dorsal  or  lateral  ventral ;  but 
these  are  those  which  are  most  rudimentary  in  the  zooids  of  SarcophyUm. 
Moreover  the  mesenterial  filaments  of  the  two  lateral  pairs  of  septa  are 
in  the  development  of  Actiniadce  the  first  to  appear,  and  not  the  dorsal, 
Tirhich  are  longest  in  the  Alcyonarian  polyps  and  most  persistent  in  the 
zooids.  Apparently,  however,  development  in  Alcyonarians  follows  a 
different  course. 

In  ffalysceptrum,  the  development  of  which  has  been  examined  by 
Kolliker,  the  eight  mesenteries  appear  from  the  very  first.  In  KdUiphobe 
(Busch),  one  of  the  Edwardsice^  according  to  Metschnikoff,  the  larva  has, 
in  its  earliest  stage,  eight  tentacles  and  two  mesenterial  filaments. 

The  peculiarities  presented  by  the  StylasteridaB  have  struck  many  ob- 
servers. M.-Edwards  and  Haime  placed  these  corals  (Stylasteraoea) 
under  the  Oculinidae.  Gray,  however,  established  a  family  (Stylasterids) 
for  the  genus  Stylaster  alone,  Pourtales,  who  in  his  'Deep-Sea  Corals' 
dwells  upon  the  many  peculiarities  of  the  corallum  of  this  family,  places 
under  it  the  genera  Allop<nn,  Stylaster^  Distichapora^  CryptoTieliaf,  Ztepi- 

*  An  examination  of  the  Comulariadft,  the  only  recent  solitary  AlcyonarianB,  might 
•^ery  poMibly  throw  light  on  the  question  of  the  affinities  of  the  Bugosa. 

t  Pourtales  has  remarked  that  the  genus  Endohelia  of  M.-Edwards  and  Haime 
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tUptnu^  and  Errina.  The  peculiarities  in  the  structure  of  the  soft  parts, 
and  the  lelations  of  the  tentacles  to  the  septa,  described  in  this  paper 
IS  oociUTing  in  a  StylasUr  and  a  Cryptohdia^  and  the  similar  facts 
obsenred  by  Sars  in  the  genus  AUopara,  strengthen  the  &cts  brought 
forward  by  Pourtales,  with  regard  to  the  coralla,  in  a  very  potent  man- 
ner. I  hope  to  make  a  close  study  of  the  structure  of  Stylaster,  The 
apparent  absence  of  mesenteries  is  most  remarkable,  and  a  similar  con- 
dition appears  to  occur  also  in  MiUepora,  The  number  of  tentacles 
and  septa  in  the  Stylasterid®  seems  hardly  to  follow  the  usual  hexameral 
law.  In  the  species  of  Stylasier  examined  by  me  there  are  invariably 
twenty-two  septa  and  twenty-two  tentacles.  In  Stylaster  eruhetcens 
Pourtales  describes  the  septa  as  being  in  number  from  nine  to  twelve 
most  frequently  eleven.  JnAUopora  miniata  the  septa  are  from  seven  to 
ten,  generally  eight.     Cryptohdia  has  commonly  sixteen. 

With  regard  to  the  affinities  of  the  Milleporid®,  no  certain  conclusion 
can  be  arrived  at  from  the  few  facts  yet  ascertained.  I  hope  to  obtain 
specimens  at  Hawaii  in  sexually  mature  condition. 

H.M.S.  *  Challenger/  North  Padfio. 
21»t  July,  1875. 

POSTSCBIPT. 

Since  the  above  was  written  I  have  been  able  to  refer  at  Honolulu  to 
Prof.  Lacaae-Duthiers's  *  Histoire  Naturelle  du  Corail.'  I  therefore  add 
a  few  notes. 

In  CoraUium  the  contracted  polyp  presents  externally  at  the  surface 
eight  lobes  coloured  red.  When  the  polyp  is  expanded,  these  lobes  form 
a  coloured  cup  with  eight  dentations  at  its  margin,  which  surrounds  the 
lower  part  of  the  expanded  colourless  polyp  (see  pi.  2  of  Prof.  Lacaze- 
Duthiers's  work).  The  eight  lobes  described  as  closing  the  mouth  of  the 
calicle  in  the  contracted  polyp  of  Heliopora  probably  occupy  a  similar 
position,  and  have  a  similar  appearance  in  the  expanded  condition  of  the 
polyp. 

In  CoraUium  the  pinnsB  or  barbules  of  the  tentacles  are  all  severally 
introverted  (I,  c.  p.  57),  as  well  as  the  tentacles  themselves.  In  Heliopora 
this  appears  not  to  be  the  case.  In  the  hard  tissue  of  CoraUium  boring 
vegetable  parasites  occur,  as  obsened  in  MiUepora  and  PodUopora, 

I  have  further  been  able  to  refer  to  Dana's  great  work  on  Corals  in 
the  splendid  collection  of  scientific  works  in  the  Government  Library  at 
Honolulu,  and  to  other  works  relating  to  Heliopora, 

Dana  states  (F.S.  Expl.  Exped.  vol.  vii.  Zoophytes,  J.  D.  Dana,  Philad. 
1846,  p.  539)  that  the  blue  colour  of  Heliopora  is  of  anip[ial  origin  and 

appears  indistinguiahable  from  the  genus  Cryptohelia  of  the  same  authors.  Endohelia 
is  founded  on  a  Japanese  species.  The  'Challenger'  dredged  a  coral  certainly  not  dis- 
tinguishable from  Cryptohelia  genexically  off  the  coast  of  Japan. 
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is  lost  on  immersion  of  the  coral  in  nitric  acid.     The  colouring-matt'er 
was  not  ant^jzed  by  Mr.  Qilliman. 

In  the  Atlas  of  the  *  Yoyage  de  TAstrolabe/  Zoophytes,  pi.  20.  figs.  12, 
13,  14,  the  expanded  polyps  of  Heliopora  ccerulea  are  figured  by  MM. 
Hombron  and  Jacquinot.  In  fig.  14  sixteen  very  short,  simple,  conical 
tentacles  are  shown,  in  fig.  13  only  fifteen  tentacles.  The  figures  are 
evidently  very  erroneous.  The  corresponding  description  I  have  been 
unable  to  refer  to,  the  volume  containing  it  being  wanting  in  the  Hawaiian 
Government  copy. 

In  the  Zoology  of  the  '  Voyage  de  rUranie,'  Quoy  and  Gaimard,  Fans, 
1824,  p.  656,  is  a  description  of  the  polyps  of  Hdiopora  {Podllopord) 
ecerulea. 

The  expanded  polyps  have  radiated  tentacles,  and  are  said  to  entirely 
hide  the  corallum  when  they  are  in  an  expanded  condition.  Experiments 
proved  that  communication  between  the  animals  is  somewhat  imperfect, 
since  a  stimulus  applied  to  any  part  of  the  colony  caused  only  the  polyps 
in  that  immediate  neighbourhood  to  retract  themselves. 

In  the  plates  of  the  '  Voyage  de  rUranie,'  pi.  96.  figs.  6, 6, 7,  Ifeliopora 
is  figured,  showing  in  ^g.  5  the  appearance  of  the  coral  in  the  fresh  state, 
but  without  any  representation  of  the  polyps. 


November  80,  1875. 

ANNIVEESAET  MEETING. 

Dr.  J.  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

Dr.  "W.  Pole,  for  the  Auditors  of  the  Treasurer's  Accounts  on  the 
part  of  the  Society,  reported  that  the  total  receipts  during  the  past 
year,  including  a  balance  of  ^274  11«.  lOc^.  carried  from  the  preceding 
year,  amount  to  £4915  19«.  lid.;  and  that  the  total  expenditure  in 
the  same  period  amounts  to  £4672  9s.  Ilc2.,  leaving  a  balance  at  the 
Bankers'  of  £220  13s.  8d.,  and  £24  6s.  4d.  in  the  hands  of  the 
Treasurer. 

The  thanks  of  the  Society  were  voted  to  the  Treasurer  and  Au- 
ditors. 

The  Secretary  read  the  following  Lists : — 
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FeUows  deceased  since  the  last  Anniyersarj. 
On  the  Home  List. 


Iieat.-Col.  North  Ludlow  Beamish, 
K^.  (in  1872> 

William  John  Bh^e,  M  JL. 

General  John  Briggs. 

Bev.  Thomas  Bumet,  D.D. 

Benjamin  Bond  Cabbell,  M.A. 

Bichard    Christopher    Carrington, 
FJt.A.S. 

EeT.  Charles  Boileau  Elliott,  M.A. 
J<An  Edward  Gray,  Ph.D. 
Daniel  Hanbuiy,  F.L.S. 
John  Hardwick,  D.C.L. 
William  J017  Henwood,  F.G.S. 
The  Yery  Eey.  Walter  Farquhar 

Hook,  D.D. 
Bey.  John  Hoppus,  LL.D. 
Capt.  Joseph  Henry  Kay,  B.N. 
Prof.  Thomas  Hewitt  Key,  M.A. 
Francis  Kiernan,  F.R.C.S.  I 


Sip  Charles  Locock,  Bart.,  M.D. 
Sir  William  Edmond  Logan,  LL.D. 
Sir  Charles  Lyell,  Barfc.,  LL.D. 
Eear-Admiral    Sherard    Osbom, 

C.B. 
Jesse  Watts  Eussell,  D.C.L. 
The  Eight  Hon.  Sir  Edward  Eyan, 

M.A. 
William  Sanders,  F.G.S. 
Eey.  Canon  William  Selwyn,  D.D, 
Charles   Blacker  Vignoles,   V.-P. 

Inst.  C  J). 
Thomas  Webster,  M.A. 
Sir    Charles    Wheatstone,    Knt., 

D.C.L. 
Sir  John  Gttrdner  Wilkinson,  Knt., 

D.C.L. 
Eey.  Eobert  WilHs,  M.A. 
Colonel  Philip  Torke. 


On  the  Foreign  List, 


Friedrich  Wilhelm  August  Arge- 
lander. 


JeanBaptiste  J.D'Omalius  d'Halloy. 
Samuel  Heinrich  Schwabe. 


Fellows  elected  since  the  l&st  Anniyersary. 
On  the  Home  List. 


Waiiam  Archer,  M.E.I.A. 

James  Eisdon  Bennett,  M.D. 

Dietrich  Brandis,  Ph.D.,  F.L.S. 

James  Caird,  C.B. 

Henry  Howard  Molyneux  Herbert, 

Earl  of  Carnarvon. 
Prof.  John  Casey,  LL.D. 
Bight  Hon.   Sir  James   William 

Cohile,  Knt. 
Aagust  Dupr^,  Ph.D.,  F.C.S. 
Right  Hon.  William  Edward  For- 

ster. 
Fames  Geikie,  F.E.S.E. 


James  Whitbread   Lee  Glaisher, 

M.A. 
Eight  Hon.  Eussell  Gumey,  Q.C. 
J.BaboneauNickterlien  Hennessey, 

F.E.A.S. 
Emanuel  Klein,  M.D. 
E.  Eay  Lankester,  M.A. 
George  Strong  Nares,  Capt.  E.N. 
Eight   Hon.   Sir    Stafford    Henry 

Northcote,  C.B. 
Eobert  Stirling  Newall,  F.E.A.S. 
William  Chandler  Eoberts,  F.C.S. 
Major-General  H.  Y.  D.Scott,  E.E., 

C.B. 
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On  the  Foreign  Litt. 


Pierre  J.  Tan  Beneden. 

Joseph  Louis  Frangois  Bertrand. 

Alfred  Louis  Olivier  Des  Cloizeaux. 

Hippolyte  Louis  Eizeau. 

Elias  Magnus  Fries. 


Jules  Janssen. 
August  Kekul^. 
Gustav  Eobert  Kircbhoff. 
Carl  Ludwig. 


The  President  then  addressed  the  Society  as  follows  :^- 

G'ENTLEMEN, 

The  year  that  has  elapsed  since  our  last  Anniversarj  has  been  a  me- 
morable one  under  both  pleasurable  and  painful  aspects:  on  the  one 
hand  we  have  lost  by  death  a  greater  number  of  and  more  illustrious 
Fellows  than  during  any  year  within  our  recollection ;  on  the  other,  our 
sphere  of  activity  has  been  enlarged  in  various  directions,  so  that,  if  it 
has  been  the  saddest,  it  has  been  also  the  most  busy  year  known  to  any 
of  us. 

Our  losses,  numbering  no  less  than  thirty-two,  include  two  most 
eminent  geologists,  Sir  Charles  Lyell  and  Sir  William  Logan;  two 
physicists  in  the  foremost  rank.  Sir  Charles  Wheatstone  and  the  Bev. 
Prof.  Willis ;  the  most  learned  pharmacist  of  his  day,  Mr.  D.  Hanbury ;  a 
zoologist  of  great  repute  and  long  career  of  astonishing  activity.  Dr.  J.  £. 
Gray ;  together  with  three  men  of  great  eminence  in  letters,  and  one  for 
public  services.  The  Eight  Honourable  Sir  Edward  Eyan,  The  Very 
Eeverend  Dean  Hook,  Sir  John  Ghirdner  Wilkinson,  and  Admiral  Sherard 
Osbom.  On  the  foreign  list  I  have  to  record  the  names  of  two  great 
astronomers  in  Friedrich  W.  A.  Argelander,  of  Bonn,  and  Heinrich 
Schwabe,  of  Dessau,  and  a  distinguished  geologist,  Jean  Baptiste  J. 
D'Omalius  d'Halloy,  of  Brussels. 

For  evidences  of  our  activity,  I  must  refer  to  our  publications  and  to 
the  number  of  papers  read  at  our  Meetings ;  to  the  labours  of  the 
Committees  that  have  been  employed  on  duties  in  connexion  with  Expedi- 
tions, all  more  or  less  under  the  authority  of  Her  Majesty's  Gk)vem- 
ment,  as  the  "  Polar,"  the  "Total  Solar  Eclipse,"  and  the  "  Transit-of- 
Yenus  "  Expeditions,  or  in  duties  such  as  appertain  more  directly  to  the 
business  of  the  Society. 

On  the  recommendation  of  the  Soiree  Committee,  in  addition  to  the 
annual  Conversazione,  two  very  successful  Evening  Eeceptions  of  a  less 
public  character,  to  which  the  invitations  were  of  necessity  very  limited, 
were  held  in  our  Library.  Their  repetition  during  the  present  session  will 
no  doubt  be  considered  by  the  Committee,  and  if  thought  desirable, 
will  be  recommended  to  the  Council,  who  will,  1  am  sure,  heartily  co- 
operate with  the  Officers  in  any  plan  for  promoting  scientific  reunions 
appreciated  by  the  Fellows. 


Digiti 


zed  by  Google 


1875.]  Presidents  Address.  78 

The  librarjr  Committee  has  had  under  consideration  the  mode  of 
publication  of  our  *  Transactions,'  so  as  to  afford  to  specialists  and  the 
public  Uie  opportunity  of  obtaining  copies  of  separate  papers  at  the  lowest 
cost.  The  result  is  a  recommendation,  adopted  by  the  Council,  that  a 
certain  number  of  copies  of  every  paper — ^the  paging  as  in  the  Transac- 
tions being  retained — shall  be  placed  with  the  publishers,  Messrs.  Trtibner 
and  Co.,  for  separate  sale,  without  prejudice  to  the  usual  grant  of  free 
copies  to  the  authors.  It  has  also  been  determined  that  the  Farts  of 
the  Philosophical  Transactions  shall  be  published,  with  cut  edges,  in  cloth 
boards,  at  no  additional  cost  to  the  Fellows. 

The  Catalogue  of  Scientific  Fapers  for  the  decade  1864  to  1873  inclu- 
sive is  so  near  completion,  that  it  will  be  ready  for  the  printer  in  a  few 
months.  It  comprises  at  present  ninety-five  thousand  titles,  and  will 
probably  occupy  two  volumes,  of  the  same  dimensions  as  those  aheady 
published.  As  you  are  aware,  the  whole  expense  of  preparing  the  Cata- 
logue was  borne  by  the  Society,  and  the  printing  of  the  six  volumes 
was  undertaken  by  the  Treasury,  at  the  instance  of  Lord  Falmerston 
and  Mr.  Gladstone.  An  application  will  be  made  to  Her  Majesty's 
Gk)vemment  for  the  means  of  printing  the  decade  now  all  but  ready ; 
it  will  cost  proportionally  less  than  the  former  series,  and  I  cannot  but 
believe  that  the  means  for  so  important  an  undertaking  will,  as  before, 
be  granted. 

The  second  voliune  of  Dr.  Klein's  work  *  On  the  Anatomy  of  the 
Lymphatic  System'  has  been  published,  and  one  hundred  copies  have 
been  distributed  by  the  Council.  The  cost  of  the  illustrations  of  this  and 
the  former  volume  was  defrayed  out  of  the  fund  of  the  Government 
Grant. 

You  will  observe  in  the  Treasurer's  printed  balaiice-sheet  that  a  larger 
sum  than  heretofore  is  now  paid  for  insurance  against  fire.  In  entering 
into  occupation  of  our  new  house,  your  Council  resolved  on  fully  pro- 
tecting the  Society  (so  far  as  is  possible  by  insurance),  and  an  efficient 
valuation  of  our  property  was  made,  the  Library,  containing  more  than 
thirty-eight  thousand  books,  being  taken  at  £18,000,  and  the  Fortraits 
and  Busts  at  £4000. 

Notice  has  been  received  from  the  Society's  Solicitors  that  the  portion 
of  the  Bircks'  Estate  to  which  we  are  entitled — has  at  last  been  set  free, 
and  that  the  amount  (about  £1000)  will  shortly  be  paid  to  our  Trea- 
surer. 

The  Handley  Bequest  is,  I  regret  to  say,  still  «t6  jvdice  in  Chancery. 

A  portion  of  the  Society's  land  at  Acton,  comprising  145  square  yards, 
required  for  the  site  of  a  Farsonage,  has  been  sold  to  the  Ecclesiastical 
Commissioners  for  a  sum  of  £350. 

You  have  learned,  with  mingled  feelings  of  regret  and  of  satisfaction, 
that  our  late  most  eminent  Fellow,  Sir  Charles  Wheatstone,  has,  with  that 
devotion  to  science  and  to  the  Society  that  distinguished  his  long  and 
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intimate  connexion  with  us,  bequeathed  a  sum  of  £500  in  augmentation 
of  the  Donation  Fund. 

TTie  Election  Statutes. — At  our  Anniversary  of  last  year  the  attention 
of  the  Meeting  was  called  by  Dr.  Williams  to  the  present  limitation 
in  the  election  of  ordinary  Fellows;  and  though  no  action  was  taken 
at  the  time,  the  subject  appeared  to  me  to  be  one  so  deeply  affecting 
the  interests  of  the  Society,  that  I  did  not  hesitate  to  take  the  earliest 
opportunity  of  submitting  it  to  the  deliberations  of  the  Council.  *  This 
resulted  in  the  appointment  of  a  Committee  to  consider  the  whole  ques- 
tion of  the  "  Election  Statutes." 

In  the  mean  time  Dr.  Williams  addressed  to  myself  a  letter  embody- 
ing his  views  on  the  subject,  which,  having  been  printed  and  circulated 
throughout  the  Society,  requires  my  acknowledgment  from  this  Chair, 
and  is  entitled  to  the  most  full  and  careful  consideration.  Therefore, 
while  disclaiming  the  slightest  intention  to  criticize  the  letter  in  a  hostile 
spirit,  and  while  fully  appreciating  the  interest  in  the  Society's  welfare 
which  caused  Dr.  Williams  to  raise  the  question  of  a  revision  of  the  Elec- 
tion Statutes,  I  feel  bound  to  remark  that  I  cannot  think  he  had 
considered  the  question  in  all  its  aspects,  or  made  allowance  for  the 
effects  of  that  inability  on  his  part,  which  he  so  candidly  admits  and 
regrets,  to  take,  during  forty  years'  Fellowship,  any  active  part  in  the 
proceedings  of  the  Society. 

Had  it  been  otherwise,  he  would  surely  not,  without  some  reservation, 
have  instanced  the  reduction  in  the  number  of  Fellows  since  the  present 
rules  have  been  in  force  as  a  loss  to  the  Society  which  had  not  been  anti- 
cipated ;  he  would  have  been  aware  that  the  rules  now  in  operation  had 
been  approved  by  the  Society  individually  and  collectively,  and  with 
ample  deliberation,  before  their  embodiment  in  the  Statutes.  He  would  also 
have  known  that  it  was  with  the  full  knowledge  and  intention  that  such 
a  reduction  would  and  should  result  from  this  step  that  the  rules  were 
adopted,  and  that  the  rate  and  amount  of  reduction  formed  the  subject  of 
investigation  and  report  by  an  eminent  Fellow  and  Statistician,  Mr.  G^aJlo- 
way ;  and  lastly,  that  the  rate  of  reduction,  as  then  anticipated  and  taken 
into  account,  has  been  slower  than  was  calculated,  and  that  our  number 
for  some  years  to  come  will  still  be  in  excess  of  that  wHi6h  in  1847  was, 
and  1  have  reason  to  believe  still  is,  thought  large  enough  by  the  great 
majority  of  our  Fellows. 

Again,  it  is  undoubtedly  under  a  misapprehension  that  it  is  asserted 
that  the  general  result  of  the  present  limitation  in  the  number  annually 
elected  has  been  the  "  rejection  of  two  thirds  or  more  of  the  candidates." 
The  fact  is  that  (putting  aside  the  application  of  the  term  "  rejection  "  to 
that  which,  in  the  majority  of  cases,  is  merely  "postponement")  two  thirds 
of  all  whose  names  have  been  suspended  have  actually  been  elected,  not 
rejected ;  and  the  average  duration  of  suspension  of  the  elected  candidates 
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baa  been  under  two  years.  Furtbermore,  from  tbe  one  tbird  wbo  bare  not 
been  elected  are  to  be  excluded  tbe  deatbs,  tbe  witbdrawals,  and  tbose  wboee 
proposers  bare  omitted  to  suspend  tbeir  names  a  second  year.  Subtract- 
ing tbese,  tbe  "  caput  mortuum  "  is  not  only  a  very  small  one,  but  is  one 
wbicb  tbe  Society  would  not,  in  my  judgment,  wisb  to  bave  taken  into 
Fellowsbip. 

It  bas  been  observed,  and  justly,  "tbat  tbe  Fellows  know  little  of  tbe 
composition  of  tbe  Scientific  Committees,"  and  tbat,  "  if  tbey  are  to  judge 
by  tbe  composition  of  tbe  Council,  tbe  cboice  seems  limited."  Witb 
regard  to  tbe  first  observation  I  need  bardly  remind  you  tbat  tbe  Council 
Minutes,  in  wbicb  tbe  nomination  and  duties  of  tbe  Committees  and  tbe 
names  of  tbeir  members  are  detailed,  lie  open  daily  to  tbe  inspection  of  tbe 
Fellows ;  and  witb  regard  to  tbe  second,  tbat  Dr.  WiUiams  bimself 
would,  were  be  to  inquire,  be  surprised- to  know  bow  few  resident 
Fellows  tbere  are  wbo,  being  competent,  are  botb  willing  and  able  to 
serve  on  tbe  Council.  I  bave  bad  some  experience  in  public  business, 
and  can  confidently  affirm  tbat,  for  number  and  duration  of  sittings, 
amount  of  work  brougbt  before  tbetn,  and  amount  of  tbougbt  devoted 
to  tbat  work,  I  know  no  labours  of  tbe  kind  more  various,  onerous,  and 
engrossing  tban  tbose  of  tbe  Council  and  Committees  of  tbe  Boyal 
Society.  I  bave  bad  at  various  times  during  tbe  last  quarter  of  a  oentuiy 
mucb  experience  of  tbese  Councils,  and  never  knew  a  year  in  wbicb, 
of  tbe  ten  Members  of  tbe  Council  wbo,  in  accordance  witb  tbe  Cbarter, 
bave  to  be  replaced,  tbere  were  not  some  wbo  bad  attended  a  very  limited 
number  only  of  its  meetings ;  and  as  by  a  Minute  of  Council  five  names  of 
Fellows  wbo  bave  never  previously  served  must  annually  enter  into  tbe 
composition  of  tbe  new  Council,  and  as  tbese  five  are,  for  tbe  most  part, 
cbosen  from  comparatively  new  Fellows,  it  cannot  be  said  tbat  sufficient 
f resb  blood  is  not  annually  incorporated.  But  for  tbe  punctual  attendance 
of  tbe  Members  of  Council,  tbe  Officers  could  not  carry  on  tbe  Society's 
business.  Tbese  latter  meet  punctually  at  1  p.k.  on  every  Council-day 
(sometimes  at  intervals  of  a  week),  and  sit  continuously  until  tbe  Council 
breaks  up,  wbicb  is  rarely  before  six. 

And  if  it  is  difficult  to  obtain  Members  to  sit  in  tbe  Council,  it  is  in 
my  experience  fiir  more  difficult  to  secure  attendance  at  tbe  Committees, 
wbicb  in  many  instances  include  no  Councillor  among  tbeir  number.  To 
go  into  tbe  reason  for  tbis  is  bere  not  necessary;  it  is  sufficient  to 
say,  tbat  additions  to  tbe  number  of  Fellows  annually  elected  would 
not  overcome  tbe  difficulty  now  in  question. 

I  bave  but  one  remark  to  make  furtber  on  tbis  subject.  It  is  asked, 
*' Are  we  not  straitened  by  our  restrictive  measures?"  and  it  is  implied 
that  we  are  unable  to  meet  tbe  cost  of  illustrations  to  papers  communi- 
cated by  Fellows.  Tbe  following  statements,  given  on  tbe  Auditors* 
authority  in  my  last  yearns  Address,  bave  escaped  tbe  attention  of  tbe 
writer  of  tbe  letter,  viz.  tbat  "  tbere  was  no  cause  for  apprehension  in 
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respect  of  the  Society's  funds  or  income,"  and  that  "  there  is  no  want 
of  means  for  providing  illustrations  to  papers  communicated  to  us  for 
publication." 

I  have  felt  it  to  be  mj  duty  to  you  to  enter  with  some  detail  into  Dr. 
Williams's  earnest  appeal  to  me.  There  remains  to  inform  you  of  the 
constitution  of  the  Committee,  and  of  the  result  of  their  labours. 

Most  fortunately  the  services  of  five  Fellows  were  obtainable  for  this 
(Committee,  who  were,  of  any  in  the  Society,  perhaps  the  most  competent 
to  aid  its  deliberations — namely,  Drs.  Guy  and  Farr  and  Mr.  Merrifield 
as  statisticians,  and  Mr.  Justice  Grove  and  our  late  Secretary,  Dr. 
Sliarpey,  as  having  taken  a  very  prominent  part  in  the  discussion  which 
in  1847  terminated  in  the  adoption  by  the  Society  of  that  mode  of  election 
which  has  been  followed  ever  since,  and  has  raised  the  Society  to  its 
present  position.  It  is  well  perhaps  that,  in  a  matter  so  deeply  fleeting 
the  welfare  of  the  Society,  I  should  name  the  other  members;  they 
were  Dr.  Williams  himself,  and  Mr.  John  Evans,  together  with  the 
President  and  Officers,  making  a  Committee  of  twelve  in  all.  The  fol- 
lowing is  the  Eeport  which  they  have  made  to  the  Council : — 

"  Eeport  of  the  Election  StattUes  Committee. — ^The  Committee  appointed 
to  consider  whether  it  is  desirable  or  not  to  make  any  alterations  in  the 
Statutes  relating  to  the  Election  of  Fellows,  have  given  to  the  subject  the 
careful  consideration  demanded  by  the  importance  of  these  Statutes,  not 
only  to  the  Eoyal  Society,  but  to  the  general  body  of  workers  in  science 
in  the  kingdom. 

"  The  status  of  the  Eoyal  Society  and  the  widespread  recognition  of  the 
value  of  its  Fellowship  render  it  highly  desirable  that,  while  on  the  one 
hand  no  one  shall  be  admitted  to  the  Society  who  is  not  worthy  of  the 
honour,  on  the  other,  no  one  who  is  worthy  shall  be  excluded  from  the 
Society,  nor  even  suffer  undue  delay  in  entering  it. 

"  At  the  outset  of  their  deliberations,  the  Committee  unanimously  agreed 
to  recommend  the  maintenance  of  the  principle  of  the  existing  Statutes ; 
that  is  to  say,  to  leave  in  the  hands  of  the  Council,  as  at  present,  the 
duty  of  selecting  the  Candidates  to  be  presented  to  the  Society  for  election. 

"  They  further  agreed,  nemine  contradicente^  that  the  number  so  selected 
annually  ought  to  be  limited. 

"  The  only  questions  that  remained  therefore  were,  ought  the  number 
thus  limited  to  be  less  than  at  present,  greater  than  at  present,  or  to 
remain  as  it  is  ?  And,  practically,  the  choice  was  limited  to  the  last  two 
alternatives. 

'*  As  a  preliminary  to  the  discussion  of  these  alternatives,  the  Committee 
thought  it  desirable  to  ascertain  what  may  reasonably  be  expected  to  be 
the  strength  of  the  Society  if  the  present  limitation  remains  in  force. 

"  The  answers  of  the  Fellows  of  the  Society  to  a  circular  addressed  to 
them  by  the  Committee,  together  with  other  statistical  evidence  as  to  the 
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age  at  election  and  the  average  duration  of  life  of  the  Fellows,  hare  been 
carefolly  considered  by  several  Members  of  the  Committee  who  are 
specially  qualified  to  form  a  judgment  on  such  matters ;  and  their  con- 
clusion is  that,  under  the  present  mode  of  election,  the  average  number 
of  Fellows,  exclusive  of  the  Foreign  Members,  may  be  expected  to  be 
about  430. 

"  Considering  that  the  Eoyal  Society  is  no  longer,  as  at  the  time  of  its 
foundation,  the  only  scientific  corporation  in  the  kingdom,  but  that 
numerous  Societies  have  arisen  devoted  to  one  or  other  of  the  sciences,  it 
appears  to  be  thought  generally  desirable  that  the  Eoyal  Society  should 
be  distinguished  by  consisting  of  those  persons  who  may  be  regarded  as 
the  representatives  of,  or  the  most  active  and  successful  workers  in,  the 
different  departments  of  science,  in  association  with  promoters  of  scien- 
tific research  and  men  of  signal  eminence  in  statesmanship,  art,  or  letters. 

"  The  Committee  have  carefully  considered  >»'hether  the  present  limita- 
tion of  annual  selection  to  fifteen  entails  any  undue  delay  in  the  election 
of  persons  who  answer  to  the  foregoing  description  into  the  Boyal 
Society.  They  find  no  ground  for  asserting  that  it  does,  and  therefore 
they  have  unanimously  agreed  to  recommend  that  no  change  be  made  in 
that  number  at  present." 

I  now  pass  on  to  review  the  part  taken  by  the  Society  in  furtherance 
of  various  Grovemment  and  other  expeditions. 

The  Polar  Expedition, — Early  in  December  last  year  a  letter  was  re- 
ceived from  the  Admiralty  stating  that  Her  Majesty's  Government  had 
determined  to  despatch  an  expedition  to  endeavour  to  reach  the  North 
Pole  and  to  explore  the  coasts  of  Greenland  and  adjacent  lands,  asking  at 
the  same  time  for  suggestions  on  the  part  of  the  Society  in  regard  to 
carrying  out  the  scientific  conduct  of  the  Expedition. 

The  great  importance  of  attaching  Scientific  Naturalists  to  such  an 
expedition  having  been  represented  to  the  Government,  the  Society  was 
informed  in  January  last  that  the  Lords  Commissioners  of  the  Ad- 
miralty were  prepared  to  appoint  a  Naturalist  to  each'  ship,  and  was  asked 
to  recommend  two  Candidates  who  should  be  selected  for  their  acquaint- 
ance with  as  many  branches  of  Natural  History  as  possible. 

In  pursuance  of  this  intimation,  your  Council  recommended  to  the  Ad- 
miralty as  Naturalists,  Mr.  Chichester  Hart,  M.A.,  of  Trinity  College, 
Dublin,  and  Captain  reilden,E.A.,  gentlemen  well  recommended  to  us  for 
their  acquirements,  both  as  Naturalists  and  collectors,  and  having  special 
qualifications  for  so  arduous  an  enterprise ;  and,  further,  applied  for  a  grant 
of  jC250  to  meet  the  expenses  of  editing  a  scientific  manual  for  the  use  of  the 
Naturalists  and  Officers  generaUy.  This  application  having  been  favour- 
ably entertained.  Professor  Bupert  Jones  was  requested  to  undertake  the 
compilation  and  editing  of  the  Biological  and  Geological  portions  of  the 
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Manual,  and  Professor  Adams,  of  King's  College,  the  Physical.  The 
Scientific  Instructions  to  the  Naturalists  and  Officers  were  contributed  by 
the  most  competent  persons  (who,  with  two  exceptions,  were  Fellows  of 
the  Society)  whose  services  the  Council  could  obtain.  The  whole  was 
published  in  May,  under  the  title  of  *  The  Natural  History,  Greology,  and 
Physics  of  the  Arctic  Eegions,'  and  forms,  with  the  Scientific  Instructiona, 
an  octavo  volume  of  more  than  eight  hundred  pages. 

In  connexion  with  the  Polar  Expedition  I  have  to  mention  the  cruise 
of  H.M.S.  *  Valorous,'  which  took  out  to  Disco  stores  for  the  two  ships. 
On  the  representation  of  Dr.  Carpenter  in  a  letter  addressed  to  myself, 
an  application  was  made  by  your  Council  to  the  Lords  Commis- 
sioners of  the  Admiralty  to  employ  the  *  Valorous '  on  her  return  voyage 
in  making  deep-sea  and  temperature -soundings  in  Davis's  Straits  and  the 
North  Atlantic,  and  to  grant  a  passage  to  Mr.  Gwyn  Jeffreys,  P.E.S.; 
and  an  assistant,  and  thus  take  advantage  of  so  favourable  an  oppor- 
tunity for  continuing  in  the  Arctic  Sea  those  scientific  researches  which  he 
had  so  successfully  conducted  in  H.M.S.  *  Porcupine'  in  1869  and  1870. 

The  application  was  at  once  granted ;  and  although  the  voyage  was  far 
from  prosperous,  the  weather  having  been  tempestuous  and  the  'Valorous' 
having  been  in  danger  a  few  hours  through  striking  on  a  sunken  rock, 
the  results  have  been  generally  satisfactory,  and  include  many  new  species 
of  pelagic  animals.    Captain  Lof tus  Jones  and  Mr.  Jeffreys  dredged  on  the 
Greenland  coast  from  70°  30'  N.  lat.  to  the  entrance  of  Davis's  Straits, 
and  in  the  Atlantic  as  far  as  25°  58'  W.  long.,  in  depths  of  which  the 
greatest  was  1785  fathoms;  and  temperature-soundings  were  taken  at 
eleven  out  of  the  twenty  stations  indicated  in  the  Admiralty  Instructions. 
Among  the  valuable  results  obtained  is  the  fact  that  the  fauna  of  the 
Greenbmd  seas  agrees  with  its  land  flora  in  being  mainly  Norwegian, 
there  being  (with  the  exception  of  the  Echinoderms)  an  absence  of  many 
North-American  forms,  which,  as  it  appears,  have  not  been  found 
eastward  of  the  meridian  of  Cape  Chidley  in  Labrador.     A  remarkable 
mollusk,  previously  dredged  at  a  depth  of  about  1000  fathoms  off  the  coast 
of  Portugal  by  the  'Porcupine,'  and  which,  when  first  found  in  a  fossil 
state  in  the  newer  tertiaries  of  Sicily,  was  supposed  to  be  an  extinct  type, 
reappears  in  the  deep  waters  of  Davis's  Straits ;  aUd  a  Campanularia 
was   found,   specifically  identical  with    one    discovered    this    year  in 
the  opposite  hemisphere,  viz.  in  Kerguelen's  Land,  by  Mr.  Eaton,  the 
Naturalist  of  the  Transit-of-Venus  Expedition  to  that  island.     A  most 
singular  sponge-like  diatom,  named  by  Dr.  Dickie  Synedra  Jeffreysi, 
with  lining  Ghhigerince  entangled  in  the  colloid  connecting-matter  of  its 
frustules,  was  taken  in  the  towing-net. 

The  existence  of  a  remarkable  elevation  of  the  floor  of  the  ocean  was 
ascertained  in  lat.  56°  N.,  long  34°  42'  W.,  where  soundings  of  690 
fathoms  were  obtained  between  depths  of  1450  fathoms  on  one  side  and 
1230  fathoms  on  the  other — ^an  interesting  fact  when  taken  in  connexion 
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with  H.M.3. '  Bull-dog '  having  fonnd  a  similar  elevation  in  lat.  59°  40'  N. 
and  long.  29^  dff  W.  It  makes  known  the  probable  existence  of  a  sub- 
oceanic  ridge  running  NJS.  and  S.W.  between  Great  Britain  and  Green- 
Itnd. 

Naturalists  to  the  TransU-of-Venus  Expeditions. — On  the  recommenda- 
tion of  the  Council,  as  I  stated  hist  year,  Her  Majesty's  Government 
attached  a  Botanist  (who  was  also  Geologist),  a  Zoologist,  and  a  Cave 
Explorer  to  the  Expeditions  despatched  to  Bodriguez,  and  a  Naturalist 
to  the  Kerguelen  expedition.  These  Naturalists  have  returned,  Messrs. 
Balfour,  Gulliver,  and  Slater  from  Rodriguez,  and  the  Rev.  A.  E.  Eaton 
from  Kerguelen's  Land,  bringing  collections  and  observations  in  all 
respects  justifying  the  objects  sought,  and  the  Council's  choice  of  agents 
for  obtaining  them. 

As  regards  Rodriguez,  the  most  important  result  obtained  (and  it  u-as 
a  very  unexpected  one)  is  that,  whereas  in  all  preceding  accounts  of  this 
island  it  has  been  described  as  consisting  of  a  nucleus  of  granite  with 
flanking  beds  of  sandstone,  limestone,  and  other  aqueous  rocks,  and  hence 
seemed  to  afford  a  rare  example  of  a  non-volcanic  oceanic  island,  Mr.  Bal- 
four shows  that  neither  granite  nor  sandstone  there  exist,  and  that  it  is 
composed  wholly  of  igneous  rocks,  with  patches  of  coralline  limestone 
along  the  coast.  It  belongs  therefore  geologically  as  well  as  geographically 
to  the  Mascarene  group,  of  which  it  is  a  distant  outlier,  and  not  to  the 
Seychelles  group,  as  had  been  erroneously  suspected. 

The  general  characters  of  the  launa  and  ¥\ot&  of  Rodriguez  were  found, 
in  accordance  with  its  geology,  to  approximate  very  closely  to  those  of 
the  Mauritian  group,  upwards  of  300  miles  to  the  westward,  and  not  to 
partake  of  the  distinctive  features  of  the  Seychelles,  which  are  Indian 
rather  than  African.  What  differences  there  were  from  the  former  indi- 
cated relationships  with  far  distant  countries,  and  some  of  them  were 
extremely  curious. 

The  greatest  interest  no  doubt  attaches  to  the  extinct  animals,  chiefly 
Birds  and  Tortoises,  whose  remains  are  found  in  the  caves  of  Rodriguez, 
and  which,  though  extensively  collected  by  Mr.  Newton  and  described 
by  himself,  by  Dr.  Giiniher,  M.  Milne-Edwards,  and  other  authors, 
were  still  but  very  imperfectly  known.  Of  Birds  Mr.  Slater  found  remains 
of  thirteen  species,  of  which  six  are  extinct ;  one  is  found  living  in  Bourbon 
alone,  and  one  of  the  extinct  species  is  new  to  science.  Of  the  famous 
Solitaire  (the  Rodriguez  representative  of  the  Dodo)  materials  for  the 
construction  of  a  complete  skeleton  were  obtained,  together  with  more 
complete  specimens  of  other  birds  first  described  by  M.  Milne-Edwards 
from  a  few  fragments.  The  shells  and  bones  of  three  extinct  Tortoises 
were  obtained  in  great  abundance,  together  with  those  of  a  large  Skink, 
said  to  be  still  li\ing  in  the  island,  but  of  which  no  certain  information 
could  be  obtained.  r^  ^  ^  ^T  ^ 
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B3gardLng  the  circomstances  under  which  the  remains  were  preserved, 
Mr.  Slater  finds,  from  an  examination  of  twelve  caves,  that  these  were 
all  formed  by  t]ie  action  of  water  on  coralline  limestone,  but  that  the  beds 
of  earth  in  which  the  bones  were  deposited,  and  which  vary  from  two  to 
nine  feet  in  depth,  are  of  basaltic  material  washed  or  blown  into  the 
caves.  Mr.  Slater  brings  forward  evidence  in  support  of  the  hypothesis 
that  the  birds  were  entombed  subsequent  to  the  visits  of  Europeans,  and 
that  their  entombment  is  due  to  their  having  taken  shelter  in  the  caves 
during  the  fires  that  ravaged  great  parts  of  the  island ;  and  that  elsewhere 
the  Solitaire  has  been  extirpated  by  imported  cats  and  pigs,  the  former 
of  which,  of  large  size  and  great  ferocity,  still  abound.* 

With  regard  to  the  Tortoises,  the  remains  of  which  are  extraordinarily 
numerous  in  the  caves,  there  is  evidence  of  their  entombment  having  been 
subsequent  to  that  of  the  Birds ;  but  the  direct  cause  of  their  extinction  is 
not  apparent.  Another  noteworthy  fact  is  that,  whereas  the  marshes  of 
Mauritius  have  yielded  the  greatest  number  of  Dodo  remains,  those  of 
Bodriguez  appear  to  contain  no  bones  of  its  ally  the  Solitaire  or  of  any 
other  bird. 

Mr.  Slater's  fine  collection  was,  by  permission  of  the  Council,  exhibited 
at  Professor  Flower's  Soir^  at  the  Boyal  College  of  Surgeons  in  July 
last,  and  attracted  great  attention. 

Mr.  Gulliver  has  brought  home  an  extensive  collection  of  the  animala 
of  the  island,  among  which  all  classes  are  represented  except  some  of  the 
Vertebrates ;  of  these  last  the  most  numerous  are  the  Birds,  which  had 
previously  been  described  by  Professor  Newton.  Ophidians  are  totally 
absent ;  and  Amphibia  also,  although  there  are  swamps  of  some  extent. 
The  spiders  seemed  to  abound ;  and  some  new  forms  were  collected,  one 
with  an  arrangement  of  the  eyes  that  is  unique  in  the  class ;  and  another 
spins  a  web  so  strong  as  to  be  used  by  the  settlers  as  cobblers  do  **  waxed 
ends." 

The  representation  of  winged  insects  by  wingless  allies,  which  is  so 
remarkable  a  feature  in  other  oceanic  islands,  is  not  alluded  to  by  Mr. 
Gulliver  as  characteristic  of  the  insect  fauna  of  Bodriguez ;  nor  has  he 
observed  any  correlation  between  the  insects  and  flowering  plants  in 
respect  of  the  fertilization  of  the  latter. 

Mr.  Balfour's  report  on  the  Flora  of  Bodriguez  is  a  very  full  one ;  it 
refers  exclusively  to  living  plants ;  for  though  several  of  these  are  abnost 
extinct,  no  traces  of  fossil  leaves  or  other  parts  of  plants  were  found  with 
the  birds'  and  tortoise  bones  or  elsewhere. 

More  than  one  half  of  the  island  appears  to  have  been  denuded  by  fires 
of  its  indigenous  vegetation,  which  has  been  replaced  by  introduced  species 
that  are  for  the  most  part  common  social  tropical  weeds.  The  soil  is 
now  for  the  most  part  arid,  whence  even  the  Ferns,  of  which  upwards  of 
20  species  were  found,  are  typical  of  dry  regions.  About  300  flowering 
plants  were  collected ;  and,  as  usual  in  insular  floras,  the  proportion  of 
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species  to  genera,  and  of  these  to  orders,  is  very  much  smaller  than  in 
continental  areas.  Thirtj-three  species,  belonging  to  as  many  genera, 
are  peculiar  to  the  island,  and  two  of  them  belong  to  new  genera. 

It  is  a  very  remarkable  &ct  that  one  of  these  new  genera,  belonging 
to  the  Natural  Order  Tumeracesd,  is  most  closely  allied  to  a  peculiar 
Panama  genus ;  and  that  one  of  the  new  species  has  only  a  single 
congener,  which  is  a  Pacific  island  plant.  There  are  three  Palms,  all  of 
them  peculiar,  and  two  Screw-pines  {Pandani),  Dr.  Balfour  remarks  the 
extraordinary  number  of  plants  whose  leaves  vary  in  form  at  different 
ages.  For  other  matter,  much  of  it  very  curious,  I  must  refer  to  the 
three  Beports,  which  will  in  due  time  be  published,  with  sufficient  illus- 
trations. 

Mr.  Eaton's  valuable  Beport  on  the  Natural  History  of  Kerguelen's 
Land  having  been  already  before  you,  and  printed  in  our  '  Proceedings,' 
requires  no  further  mention  here. 

There  remains  to  state  that  your  Council  has  found  reason  to  express 
satis&ction  wit^  the  Beports  and  Collections  of  all  the  Naturalists ;  that 
complete  catalogues  of  the  specimens  procured  will  appear  in  our  pub- 
lications; that  the  detailed  descriptions  and  observations  will  also  be 
published,  either  by  the  Naturalists  themselves  or  by  competent  persons ; 
that  the  specimens  will  be  distributed  after  a  ccHnplete  set  has  been 
reserved  for  our  National  Collections;  and  that  the  total  expenditure 
amounts  to  £1512,  of  which  £1396  was  contributed  by  Her  Majesty's 
Government,  while  the  rest  has  been  defrayed  out  of  the  Donation 
Fund 

The  Total  Solar  Edipse  of  April  1875.— Towards  the  close  of  last  year 
the  desirability  of  observing  the  total  eclipse  of  the  Sun,  which  was  to 
take  place  in  India,  engaged  the  attention  of  your  Council ;  and  the 
subject  was  under  its  consideration  when  a  letter  was  received  by  me 
from  His  Majesty  the  King  of  Siam,  offering  hospitality  and  assistance 
should  the  Boyal  Society  deem  it  expedient  to  appoint  sdenlific  men  to 
observe  it  from  His  Majesty *8  dominions. 

Your  Council  being  of  opinion  that  both  the  importance  of  the  occasion 
(totality  during  this  eclipse  being  of  longer  duration  than  during  any  other 
that  wduld  be  observed  in  the  present  century)  and  the  liberal  offer  of 
His  Majesty  required  careful  consideration,  appointed  a  committee  of  five 
astronomers  and  the  Society's  Officers  to  report  upon  the  feasibility  of 
undertaking  such  an  expedition  with  a  reasonable  prospect  of  success. 
The  Committee  was  advised  that  no  time  was  to  be  lost  in  arriving  at 
a  conclusion,  as  only  foxu:  months  would  elapse  before  the  occurrence 
of  the  eclipse. 

The  first  step  taken  was  to  communicate  with  the  First  Lord  of  the 
Treasury  and  the  Secretary  of  State  for  India,  and  ascertain  whether, 
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should  the  attempt  be  made,  Her  Majesty's  G-ovemment  would  be  disposed 
to  cooperate  with  the  Society. 

The  answers  were  most  favourable;  but  stiJl  grave  doubts  were 
entertained  by  several  of  the  Committee  as  to  whether  it  were  possible  to 
make  the  necessary  preparations  and  arrangements  with  sufficient  com- 
pleteness to  secure  adequate  results. 

After  much  deliberation  it  was  decided  in  the  affirmative,  the  Com- 
mittee's decision  being  based  on  the  following  favouring  circumstances: — 
That  confidence  in  its  feasibility  was  expressed  by  those  members  of  the 
Committee  who  had  themselves  conducted  or  accompanied  Eclipse  Expedi- 
tions in  foreign  countries ;  that  two  eminent  observers,  Messrs.  Janssen 
and  Tacchini,  were  already  in  India  and  their  services  available ;  that  Her 
Majesty's  Government  would  cooperate  by  proposing  to  Parliament  a 
grant  in  aid  of  XIOOO,  which  would  be  augmented  by  another  of  ^00 
from  the  Donation-Fund  of  the  Society ;  that  the  Secretary  of  State  for 
India  and  the  Gt>vemor-General  of  India  had  promised  active  cooperation 
by  sending  an  expedition  to  the  Nicobar  Islands,  where,  as  well  as  in 
Siam,  totality  would  be  visible ;  that  both  the  Indian  Government  and 
the  Admiralty  had  granted  passage  in  their  vessels,  and  that  the  Penin- 
sular and  Oriental  Company  had  offered  to  give  passage  to  the  observers 
and  their  assistante  at  greatly  reduced  rates;  that  His  Majesty  the  King 
of  Siam  would  defray  all  expenses  of  the  party  sent  to  his  territories  ; 
and  lastly,  which  perhaps  weighed  most  with  the  Committee,  was  Mr. 
Lockyer's  disinterested  offer  to  superintend  all  the  arrangements  of 
observers  and  instruments,  to  prepare  the  instructions  for  their  guidance 
abroad,  and  to  make  aU  the  necessary  telegraphic  and  other  communica- 
tions with  India  and  the  Straits  Settlements  previous  to  and  during  the 
progress  of  the  Expedition. 

As  in  the  case  of  former  Eclipse  Expeditions,  invitations  to  take  part 
in  the  observations  were  addressed  to  foreign  men  of  science  dis- 
tinguished for  their  researches  in  solar  physics ;  but  Professor  Tacchini 
was  the  only  one  who  could  accept.  At  the  same  time  Dr.  Vogel,  of 
Berlin,  a  well-known  photographer,  was  asked  to  assist,  and  he  accom- 
panied the  Expedition. 

A  communication  was  received  from  M.  Dumas,  the  perpetual  Secretary 
of  the  Paris  Academy  of  Sciences,  with  reference  to  Dr.  Janssen's  pro- 
posed observation  of  the  Eclipse;  and  instructions  were  sent  to  Singa- 
pore that  every  assistance  should  be  afforded  to  that  distinguished 
physicist. 

As  a  final  result  of  these  preliminary  arrangements,  there  were  two 
strong  parties  in  position  on  the  morning  of  the  6th  of  April,  of  whose 
members  no  less  than  six  were  sent  out  from  England.  One  party,  a 
.combination  of  Italian,  Indian,  and  English,  went  to  Camorta  in  the 
Nicobar  Islands;  the  other,  French  and  English,  made  their  way  to 
Chulai  Point  in  Siam.    In  the  first  party  were  Professor  Tacchini, 
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Captain  Waterhouse,  Professor  Pedler,  Dr,  Vogel,  and  Messrs.  Moldola 
and  Beynolds ;  in  the  second  were  Dr.  Janssen,  Dr.  Schuster,  and  Messrs. 
Lott  and  Beasley,  each  amply  provided  with  assistants. 

The  Committee  decided  that  at  both  stations  the  observations  should 
be  mainly  photographic ;  and  the  instruments  furnished  had  for  their 
object  the  registration  of  the  violet  spectrum  of  the  corona  and  chro- 
mosphere as  a  whole,  and  that  of  the  spectrum  of  an  isolated  portion  of 
the  image. . 

Ordinary  photographs  of  the  corona  and  of  the  polariscopic  effects  of 
its  light  were  also  provided  for. 

In  spite  of  the  most  hopeful  anticipations,  the  weather  at  Camorta 
proved  bad  on  the  morning  of  the  Eclipse,  and,  as  has  been  observed  on 
former  occasions,  the  reduction  of  the  temperature,  due  to  the  withdrawal 
of  the  sun's  heat,  produced  a  mass  of  cumulus  cloud  which  prevented 
a  most  thoroughly  equipped  party  from  making  any  observations  whatever 
during  totality. 

The  success  of  the  Siam  party  has  been  also  far  less  than  was  antici- 
pated. An  unfortunate  break-down  in  the  Suez  Canal,  and  some  misun- 
derstanding, in  consequence  of  which  the  promised  Government  steamer 
was  not  forthcoming,  caused  delays  which  left  so  little  time  for  the  final 
adjustment  of  the  instruments  when  the  observers  at  last  reached  their 
station,  that  some  records  are  altogether  wanting ;  and  the  attempt  to 
photograph  the  spectrum  of  an  isolated  portion  of  the  chromosphere 
proved  a  failure. 

The  most  important  results  obtained  ore  (1)  a  series  of  photographs  of 
the  corona,  taken  with  a  prism  of  small  angle  in  front  of  the  object-glass, 
which  show  several  rings  and  part  of  the  form  of  the  outer  corona,  and 
(2)  a  series  of  views  of  the  corona,  chiefly  taken  at  different  times  of  ex- 
posure. The  discussion  of  the  observations  has  not  yet  been  taken  in 
hand;  but  it  is  not  too  early  to  state  that  several  results  of  great 
interest  and  value  have  been  secured. 

The  King  of  Siam  himself  made  a  sketch  of  the  corona  and  forwarded 
it  to  the  Society.  In  common  with  others  which  accompany  the  Eeports, 
it  does  not  differ  very  greatly  from  the  figure  photographed  on  the  plate. 

I  cannot  conclude  this  short  reference  to  one  branch  of  our  activity 
during  the  past  session  without  congratulating  English  Science  upon  the 
fact  that  the  Eclipse  was  not  suffered  to  pass  unobserved,  and  with- 
out expressing  our  obligations  to  all  those  whose  names  will  be  mentioned 
at  length  in  the  Beport,  who  both  here  and  abroad  at  each  stage  of  the 
arrangements  afforded  us  valuable  assistance,  not  forgettmg  the  ob- 
servers themselves,  who  in  the  service  of  science  volunteered  for  a  duty 
not  without  risk,  and  from  the  performance  of  which,  indeed,  some  have 
suffered  in  health. 

The  'Challenger' Ejcpeditian.— The  thirdyear  of  the*  Challenger's*  voyage 
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has  been  no  less  fruitful  of  results  than  the  two  preceding ;  which  is  the 
more  satisfactory,  as  she  has  lost  the  services  of  her  indefatigable  Com- 
mander Captain  Nares,  who,  as  you  are  aware,  has  been  summoned  home 
to  command  the  Polar  Expedition.  Interesting  discoveries  seem  literally 
to  have  crowded  along  the  course  of  this  vessel,  and  the  scientific  store- 
houses of  the  deep  to  have  been  unlocked  at  the  bidding  of  Professor 
Thomson  and  his  busy  and  able  staff.  It  would  be  premature  to  estimate 
as  yet  the  probable  importance  to  Biology,  Geology,  and  Physical  (Geo- 
graphy of  the  grand  but  still  imperfect  generalizations  which  are  being 
drawn  from  the  facts  sent  home  from  the  ship  as  to  the  nature  and  dis- 
tribution of  those  microscopic  forms  of  pelagic  life,  the  Foraminifera  and 
Sadiolaria ;  but  there  can  be  no  doubt  that  our  knowledge  of  the  formation 
of  Azoic  clays  and  schists,  and  of  the  processes  of  metamorphism  at  great 
depths,  is  being  greatly  enlarged  by  the  operations  of  the  'Challenger '  Expedi-  . 
tion.  Nor  are  the  discoveries  in  submarine  geography  of  less  interest — such 
as  the  finding  in  the  Melanesian  Pacific  areas  which,  though  only  partially 
circumscribed  by  islands,  exhibit  biological  and  hydrographical  phenomena 
differing  widely  from  those  of  the  circumambient  ocean.  In  the  depths  of 
the  sea,  as  on  the  surface  of  the  land,  are  contiguous  areas  peopled  by  very 
different  assemblages  of  living  things.  As  on  the  land  we  ascend  to  meet 
a  colder  temperature,  accompanied  by  forms  of  life  of  wider  distribution 
than  at  lower  elevations,  so  in  the  seas  of  warm  and  temperate  regions 
we  descend  to  meet  with  analogous  conditions.  The  ocean  thus  mirrors 
one  of  the  most  striking  features  of  the  distribution  of  terrestrial  life,  and, 
mirror-like,  it  turns  the  picture  upside  down.  Furthermore,  this  ana- 
logy is  confined  to  the  warm  and  temperate  zones  of  the  sea :  in  the  cold 
zones  this  order  of  things  b  reversed ;  there,  as  on  land,  we  descend  to 
warmer  temperatures,  and  the  deepest  sea  is  peopled  by  animals  proper 
to  a  much  lower  latitude.  The  total  result  is  a  uniformity  in  the  general 
distribution  of  oceanic  life  that  has  no  parallel  on  land ;  and  facts  in  the 
migration  of  marine  animals  and  plants  that  were  formerly  accounted  for 
by  assuming  that  they  possessed  greater  powers  of  withstanding  changes 
of  temperature,  are  now  accounted  for  by  conditions  more  closely  resem- 
bling those  that  obtain  on  the  land. 

From  such  considerations  as  these  it  would  follow  that  pelagic  life 
should  be  less  differentiated  than  terrestrial;  and  no  doubt  it  is  so; 
and  to  a  still  more  considerable  degree  is  lacustrine  and  fluviatile  life  less 
various  than  pelagic,  in  respect  of  plants  especially.  On  the  other  hand, 
whereas  both  the  mass  and  variety  of  vegetable  life  is  much  greater  on 
land,  the  bulk,  but  not  the  variety,  of  animal  life  is  much  greater  in  the 
ocean.  It  is  no  doubt  owing  to  the  infinite  variety  of  food  that  terrestrial 
animals  have  access  to,  rather  than  to  the  diversities  of  climate,  soil,  and 
other  conditions,  that  the  land  presents  so  much,  greater  a  variety  of  life 
than  the  sea  does.  It  is  true  that  local  assemblages  of  marine  plants 
have  their  local  faunas,  as  the  Sargasso  Sea  and  th^  vast  Ma/croeystiS" 
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meadows  of  the  Bouthern  ocean ;  but  in  sach  cases  it  is  shelter,  not  food, 
that  has  localised  the  assemblages.  But  this  reminds  me  that  I  am 
becoming  discursive ;  and  I  will  conclude  mj  digression  by  referring  to 
the  rarity  of  its  phytophagous  animals,  as  being  to  me  one  of  the  most 
wonderful  and  inexplicable  phenomena  of  oceanic  life;  for  with  the 
exception  of  those  that  live  upon  the  ubiquitous  pelagic  DiatomacesB, 
there  are  very  few  marine  animals  of  general  distribution  or  of  any  size 
that  feed  on  marine  plants. 

While  these  words  were  being  penned  the  sad  tidings  have  reached  us 
of  the  premature  death  of  one  of  the  brightest  intellects  and  most  culti-* 
rated  members  of  the  *  Challenger'  Scientific  Staff,  B.  von  Willemoes-Suhm, 
whose  beautiful  paper,  "  On  a  new  Genus  of  Amphipod  Crustaceans,'* 
appeared  in  our  *  Transactions.'  This  admirable  piece  of  work  will  soon 
be  followed  by  a  second  from  his  pen  on  Cirripedes,  illustrated  by  six 
-  plates,  and  a  third  on  the  development  of  certain  pelagic  Decapod  Crus- 
taceans. £Us  loss,  which  occurred  on  board  off  Tahiti,  and  was  due  to 
erysipeUis,  is,  indeed,  an  irreparable  one,  and  cannot  but  doud  the  last 
year  of  the  •  Challenger '  voyage. 

The  protracted  absence  of  II.M.S.  'Challenger,'  and  the  great  im- 
portance in  the  interest  of  science  that  the  Director  of  its  Scientific  Staff, 
Professor  "Wyville  Thomson,  should  not  leave  the  Expedition,  has,  by  de- 
taching that  gentleman  from  his  duties  in  the  Natural-History  Chair  of  the 
Edinburgh  University  for  so  much  longer  a  period  than  was  anticipated, 
placed  that  Universiiy  in  a  very  difficult  position,  and  obliged  its  Court  to 
appeal  to  the  Society.  It  was  originally  arranged  that  the  duties  of  the 
Chair  should,  for  the  first  two  years  of  Professor  Thomson's  absence,  be 
undertaken  by  Professor  Cams,  of  Leipsic ;  on  the  third.  Professor  Cams 
being  compelled  to  return  to  Germany,  the  University  Court  represented 
to  the  Lords  of  the  Council  that,  having  regard  to  the  fact  that  Professor 
Thomson  was  withdrawn  from  his  professorial  duties  by  Her  Majesty's 
Government,  and  in  accordance  with  the  strong  recommendation  of  the 
Eoyal  Society,  it  was  not  unreasonable  to  hope  that  both  the  Government 
and  the  Society  would  come  to  their  aid  by  permitting  Professor  Huxley  to 
deliver  the  University  course  of  Lectures.  The  Lords  of  the  Council 
having  granted  the  permission,  your  Council  did  not  hesitate  to  make 
such  arrangements  as  enabled  Professor  Huxley  to  absent  himself  from 
the  Society  for  the  purpose  required.  The  result  has  in  no  way  inconveni- 
enced the  Society;  Professor  Huxley  managed  to  attend  the  Council- 
Meetings,  he  conducted  at  a  distance  the  editorial  work  that  belonged  to 
him,  and  such  of  his  duties  as  could  be  performed  only  on  the  spot  were 
kindly  undertaken  by  Professor  Stokes. 

I  have  only  to  add  that  Professor  Thomson's  return  being  further  delayed 
till  July  1876,  Professor  Huxley's  services  have  again  been  applied  for 
by  the  University  Court ;  and,  having  been  granted  by  the  Lords  dP  the 
Council,  similar  arrangements  for  his  absence  to  those  which  obtained 
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lust  year  will  be  made  by  the  Coancil  for  tiie  months  of  May,  Jane,  and 
July  of  1876. 

The  MeUorological  Committee. — The  anomalous  connexion  between  the 
Boyal  Society  and  the  Meteorological  Office  on  the  one  hand,  and  between 
that  Office  and  the  Government  on  the  other,  to  which  and  its  consequences 
I  drew  your  attention  in  my  last  year's  Address,  is  likely  soon  to  be  termi- 
nated, the  Lords  Commissioners  of  the  Treasury  having  appointed  a 
Committee  to  inquire  into  the  working  of  the  present  Office  and  the 
value  of  the  results  hitherto  obtained. 

Seeing  that  the  operations  of  the  Committee  have  been  generally  in  a 
great  measure  tentative,  and  have  now  extended  over  nine  years,  this 
action  of  the  Government  is  viewed  with  satisfaction  by  the  Committee, 
whose  arduous  services  have  been  entirely  gratuitous  during  this  long 
period.  The  value  of  their  labour  is  indeed  fully  recognized  in  the 
Treasury  Minute  appointing  the  Committee,  which  expresses  absolute 
confidence  in  its  efficiency,  but  thinks  that  the  time  has  arrived  for  fur* 
ther  inquiry. 

According  to  the  instructions  of  the  Treasury,  the  inquiry  is  to  be  di- 
rected to  two  principal  points  of  scientific  interest,  viz. : — 

(1)  How  far  the  statistics  hitherto  collected  have  led  to  the  discovery 
or  confirmation  of  Meteorological  Laws. 

(2)  How  far  the  principles  upon  which  storm-warnings  are  given  have 
been  justified  by  results. 

I  need  hardly  observe  that  these  questions  open  up  a  very  wide  field  of 
inquiry  of  the  highest  importance  to  the  meteorology  of  the  future,  whether 
in  this  country  or  elsewhere.  There  can  be  no  question  but  that  the 
Committee  has  rendered  most  important  services  to  science  and  to  the 
country ;  it  is  held  in  just  estimation  among  continental  physicists,  and 
its  methods  and  results  have  been  in  a  great  measure  adopted  and  followed 
by  them,  in  many  cases  without  modification. 

Still  the  geographical  position  of  the  British  Isles  is  one  that  renders 
meteorological  inquiry  full  of  difficulty,  and  hence  necessitates  a  very  careful 
periodic  supervision  of  the  measures  employed  to  advance  its  theories  and 
to  apply  them  to  practice.  Unlike  the  Atlantic  States  of  America,  we  have 
no  area  to  the  westward  of  us  (which  is  emphatically  our  storm-bearing 
quarter)  upon  which  we  can  establish  recording  stations.  We  can  have  no 
system  like  that  of  the  American  meteorologists,  which  would  enable  us 
to  obtain  that  knowledge  of  the  atmospheric  disturbances  over  the  Atlantic 
which  they  can  procure  of  those  Vhich  extend  over  the  continental  area 
to  the  westward  of  their  central  Observatories. 

On  the  other  hand,  England  has  advantages  for  promoting  the  study 
of  terrestrial  meteorology  that  no  other  country  has — ^namely,  her  foreign 
possessions  and  Colonies,  and  the  command  of  the  telegraphs  with  which 
the  ocean  is  in  process  of  being  crossed  in  every  direction.      "VVe 
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hafe  known  what  it  is  to  read  at  our  Iveakfast-tables  telegrams  from  all 
parts  of  the  world  of  the  prices  of  stocks  and  of  political  incidents  of  the 
preTions  day;  why  should  we  not,  then,  obtain  daily  statistics  of  the  cli- 
matic conditions  of  these  and  other  remote  regions,  and  inaugurate  in 
England  a  system  of  meteorological  registration  which,  if  its  elements  were 
obtained  from  but  a  few  well-selected  spots,  would  instruct  and  interest 
every  intelligent  person  in  the  climate  of  the  globe,  and  in  the  end  lead 
to  scientific  results  of  great  value?  We  must  remember  that  it  is 
not  the  policy  of  the  Government  of  this  country  in  its  view  of  the  pre- 
sent state  of  public  feeling,  and  as  expressed  in  the  Minute  appointing 
the  Committee,  to  give  direct  assistance  to  the  study  of  any  science 
except  with  a  view  to  the  more  immediate  application  of  scientific 
theories  to  practical  purposes,  in  which  the  public  rather  than  indi- 
viduals have  a  direct  interest.  Whatever  may  be  thought  of  the  wisdom 
or  soundness  of  this  policy  (and  in  the  opinion  of  some  eminent  scientific 
men  it  is  wise  and  sound),  we  must  shape  our  course  accordingly,  doing 
our  endeavour  never  to  allow  scientific  investigation  to  be  subordinated 
to  practical  results ;  but  keeping  it  ever  in  advance,  remembering  too  that 
the  Government  estimation  of  the  value  of  scientific  investigation  is 
measured  more  by  the  amount  of  interest  which  it  excites  than  by  any 
standard  of  its  own ;  whence  it  follows  that  the  Government  is  not  slow 
in  encouraging  researches  that  interest  and  instruct  the  public,  whether 
or  not  they  may  be  seen  to  lead  to  direct  practical  results.  Keeping  these 
facts  in  view,  I  cannot  but  think  that  the  Committee  of  the  Treasury 
will  have  the  opportunity  of  recommending  to  Her  Majesty's  Govern- 
ment the  adoption  of  measures  that  would  greatly  increase  the  scientific 
efiidency  and  public  interest  of  the  Meteorological  Office. 

TTu  Gxlchrigi  Trust, — In  my  last  year's  Address  I  announced  that 
arrangements  had  been  made  by  the  Council  for  the  administration,  under 
the  authority  of  the  Trustees  of  the  Gilchrist  bequest,  of  a  grant  of 
jCIOOO  per  annum  in  promoting  original  research,  thus  aiding  in  the  ful- 
filment of  the  wishes  of  the  Testator,  that  the  proceeds  of  his  large 
fortune  should  be  devoted  "  to  the  benefit,  advancement,  and  propagation 
of  education  and  learning."  The  scheme  for  the  administration  of  this 
grant  was  approved  by  the  Trustees  and  laid  before  you  in  detail ;  but 
since  then  its  operation  has  been  frustrated  by  a  most  unexpected  judicial 
decision  formally  given  in  the  House  of  Lords  as  to  the  meaning  to  *  be 
assigned  to  the  terms  of  the  Gilchrist  bequest — namely,  that  "  the  pro- 
motion of  original  research  "  could  not  be  held  to  be  "  benefiting  the 
advancement  and  propagation  of  education  and  learning,"  for  that  it  was 
expressly  laid  down  by  the  Law  Lords  that  "  learning  is  to  be  construed 
as  synonymous  with  education,"  and  that  the  whole  fund  is  to  be  devoted 
to  the  propagation  of  knowledge. 

This  is  not  the  time  or  place  to  commeni  upon  what  m\xftt  tb^^ge^x  \^  \i% 
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to  be  a  veTj  strange  limitation  of  the  Testator^B  wishes ;  I  can  only  hope 
that  a  more  enlightened  posterity,  the  outcome  of  a  more  liberal  and 
scientific  education  than  now  obtains,  will  introduce  into  the  theory  and 
practice  of  the  Law  an  interpretation  of  the  '*  advancement  of  learning  " 
more  in  harmony  with  scientific  ideas  and  the  requirements  of  the  age. 
In  the  mean  time  it  is  much  to  be  wished  that  the  prize  thus  snatched 
from  so  high  a  purpose  may  yet  be  made  to  contribute  in  some  way  to 
the  advancement  of  original  research ;  and  I  feel  sure  that  it  will  be  due 
to  no  want  of  energy  and  goodwill  on  the  part  of  the  Trustees  and  of  their 
Secretary,  Dr.  Carpenter,  nor  of  hearty  cooperation  on  the  part  of  the 
Boyal  Society,  if  science  reaps  no  benefit  from  the  Gilchrist  Trust. 

The  Oovemmmt  Loan  Collection  of  Scientific  Instruments. — It  affords  me 
much  pleasure  to  refer  to  an  action  on  the  part  of  Her  Majesty's  Gh)vem- 
ment  which  we  may  anticipate  will  lead  to  important  results  to  the  cultiva- 
tion of  Science  in  this  country.  *  I  mean  the  Loan  Collection  of  scientific 
instruments  which  is  to  be  formed  at  South  Kensington  in  the  course  of 
tlie  ensuing  year.  The  Lord  President  and  Vice-President  of  the  Council, 
in  introducing  this  subject  to  the  first  meeting  of  the  men  of  science  to 
whom  they  have  applied  for  assistance,  shadowed  forth  their  own  views 
and  hopes  that  the  collection  might  prove  the  commencement  of  govern- 
mental action  with  regard  to  one  of  the  recommendations  of  the  *'  Science 
Commission" — that,  namely,  dealing  with  the  present  want  of  a  museum 
illustrating  the  sciences  of  experiment  and  observation.  The  Govern- 
ment Juis  further  suggested  to  the  various  continental  governments  the 
appointment  of  Commissions,  composed  of  the  most  eminent  men  of 
science,  to  which  we  may  confidently  look  for  help  in  selecting  the  most 
important  instruments  that  illustrate  the  history,  the  advancement,  and 
the  spread  of  science. 

In  the  proposed  Exhibition  not  only  are  modem  scientific  methods  and 
instruments  and  the  various  methods  of  practical  instruction  in  science  to 
be  fully  dealt  with,  butit  is  also  proposed  that  the  history  of  science  shall 
be  illustrated  by  the  actual  instruments  which  have  been  employed,  from 
the  time  of  Galileo  downwards,  in  those  critical  experiments  and  dis- 
coveries which  mark  the  principal  stages  along  the  road  of  progress. 

The  men  of  science  of  this  country  have  already  responded  so  warmly 
to  the  appeal  made  to  them,  that  it  is  not  necessary  for  me  to  commend 
the  proposed  action  to  them ;  and  I  may  conclude  my  reference  to  this 
subject  by  the  expression  of  a  hope  that  our  fellow-workers  in  other 
countries  will  not  rest  content  with  sending  their  instruments,  but  will 
accompany  them  to  London,  so  as  to  enable  us  to  assure  them  personally 
of  our  esteem. 

On  the  motion  of  Sir  Thomas  Watson,  seconded  by  Sir  Alexander 
Armstrong,  it  was  resolved — "  That  the  thanks  of  \he  Society  be  returned 
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totfae  Frendent  for  his  Address,  and  that  he  be  requested  to  allow  it  to 
be  printed.** 

I  now  proceed  to  the  presentation  of  the  Medals. 

The  Oc^lej  Medal  has  been  awarded  to  Professor  Angast  Wilhelm 
Hohnann,  E.B.S.,  of  Berlin,  for  his  numerous  contributions  to  the 
sdence  of  Chemistry,  and  especially  for  his  Besearches  on  the  Deriva- 
tiTes  of  Ammonia. 

The  researches  of  Dr.  A.  W.  Hofmann,  from  first  to  last,  are  related 
b?  a  strict  logical  connexion,  &om  which  (although  in  various  side-paths 
he  has  made  truly  interesting  discoveries)  he  has  never  esseutially  deviated. 
Indeed  these  researches  may  be  considered  as  constituting  one  great  and 
prolonged  research  on  the  organic  bases  theoretically  and  experimentally 
considered.  It  is  not,  however,  to  be  imagined  that  because,  to  a  certain 
extent^  limited  in  its  range,  ihia  work  is  of  a  special  or  technical  order. 
The  subject  covers  a  large  area,  and  is  cidculated  to  lead  the  investigator 
to  Uie  consideration  of  the  most  important  chemical  problems. 

The  memoirs  of  Dr.  Hofmann  in  reference  to  the  organic  bases  fall 
under  several  heads: — (1)  The  researches  on  Aniline  and  the  organic 
bases  contained  in  Coal-tar.  These  researches  are  mainly  included  in  the 
period  between  1843  and  1850.  (2)  The  investigations  on  the  molecular 
constitution  of  the  organic,  bases  derived  by  the  substitution  of  the 
Alcohol  radicals  in  the  molecule  of  Ammonia  (1850-51).  (3)  The 
Phosphorus  bases  and  the  Diatomic  ammonias  (1857-00).  (4)  The 
investigations  on  Bosaniline  and  the  various  Colouring-matters  derived 
from  Coal-tar  (1860-70). 

In  the  course  of  the  Aniline  investigationB  Hofmann  made  an  im- 
portant contribution  to  the  Unitary  theory  of  Chemistry.  Dumas  had 
ehown  that  the  essential  chemical  properties  of  acetic  add  were  not 
altered  by  the  substitution  in  the  acid-molecule  of  chlorine  for  hydrogen; 
but  no  organic  base  had  yet  been  discovered  derived  from  another  base 
by  a  similar  process.  Fritsche,  indeed,  had  made  a  bromine-derivation 
of  anDine,  in  which  three  atoms  of  hydrogen  were  replaced  by  bromine  ; 
bat  the  substance  thus  formed  was  a  neutral  (not  basic)  body.  It 
occurred  to  Hofmann  that  the  substitution  had  here  gone  too  far,  and 
that  for  this  reason  the  basic  properties  of  aniline  had  disappeared. 
Consequently,  by  an  ingenious  process  (devised  for  the  experiment),  the 
treatment  of  chlorisatin  by  the  hydrate  of  potash,  he  prepared  mono- 
chloraniline — aniline,  that  is,  in  which  one  atom  of  hydrogen  was  re- 
placed by  chlorine.  This  body  was  a  base,  like  aniline  itself.  Hofmann 
established  its  basic  character  by  the  preparation  of  many  of  its  salts 
(Liebig's  '  Annalen,'  vol.  liii.  p.  1,  1845). 

At  the  date  when  Hofmann's  paper  on  the  molecular  constitution  of  the 
volatile  oi^ganic  bases  was  presented  to  the  Eoyal  Society  (December 
1849),  Wurts  had  just  prepared,  by  a  striking  experiment,  l\v^  ^TOftax^ 
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monamines  of  the  alcohol  radicals — ^t:hat  is,  a  system  of  bases  in  which  one 
third  of  the  hydrogen  of  the  ammonia  was  replaced  by  the  hydrocarbon, 
the  existence  of  which  (it  may  be  noticed)  had  been  predicted  by  liebig 
as  a  consequence  of  his  views  as  to  the  composition  of  the  organic  bases. 
The  experiments  of  Hofmann  were  in  the  same  direction  as  those  of 
Wurtz,  but  of  far  more  general  application.  By  the  action  of  the  iodides 
of  the  alcohol  radicals  upon  ammonia,  Ho&iann  replaced  sucoessively  the 
three  atoms  of  hydrogen  which  its  molecule  contains  by  these  hydro- 
carbons— a  method  fraught  with  important  results,  both  theoretical  and 
practical,  with  which  all  chemists  are  familiar. 

Among  other  consequences,  this  method  placed  the  theory  of  types  on 
a  solid  experimental  foundation,  which  served  as  the  basis  of  its  future 
development.  A  critical  test  was  given,  by  which  the  constitution  of 
any  given  '^  ammonia "  coidd  be  ascertained,  the  number  of  derivatives 
of  the  "ammonia"  when  subjected  to  the  action  of  iodide  of  ethyl  cor- 
responding to  the  number  of  atoms  of  hydrogen  which  it  still  retained 
unreplaced  by  hydrocarbon.  Hofmann  applied^  this  test  to  aniline,  and 
demonstrated,  by  the  successive  formation  of  ethyl-aniline  and  diethyl- 
aniline,  that  this  base  belonged  to  the  primary  monamine  dass,  containing 
two  atoms  of  hydrogen  unreplaced  by  hydrocarbon.  To  trace  out,  how- 
ever slightly,  the  consequences  of  this  method  would  be  a  serious  task 
indeed.  It  is  sufficient  to  say  that  the  views  at  present  held  by 
chemists  as  to  the  molecular  constitution  of  water,  according  to  which 
water  is  regarded,  like  ammonia,  as  a  typical' molecule,  but  containing 
two  atoms  of  hydrogen  (instead  of,  as  in  the  other  case,  three)  replace- 
able by  the  alcohol  radicals,  are  based  upon  experimental  evidence  for 
which  the  veiy  same  instrument  of  research,  the  iodide  of  ethyl,  and 
methods  in  ^  respects  analogous  to  those  by  which  Hofmann  thus 
established  the  constitution  of  aniline  were  employed. 

According- to  these  views  triethylaniline  represented  ammonia  in  which 
all  possible  substitutions  of  this  order  had  been  effected.  However,  Hof- 
mann applied  his  test  to  this  substance,  and  obtained  a  most  remarkable 
result.  A  molecule  of  iodide  of  ethyl  combines  vtdth  a  molecule  of  this 
substance,  giving  rise  to  the  iodide  of  a  molecular  group,  behaving  like 
potassium  or  sodium,  "  a  true  organic  metal  in  all  its  bearings."  The 
ground  of  this  assertion  is,  that  this  iodide  of  tetrethylammonium,  when 
treated  with  freshly  precipitated  oxide  of  silver,  is  decomposed  with  the 
formation  of  an  oxide  of  the  "  organic  metal "  possessing  the  main  features 
of  potash.  This  train  of  investigation  has  not  as  yet  been  adequately 
pursued ;  but  the  fundamental  importance  of  this  experiment,  in  reference 
to  our  knowledge  of  the  elemental  bodies,  cannot  be  doubted. 

The  first  memoir  on  the  Phosphorus  bases,  in  which  the  existence  of  a 
dass  of  phosphorus  bases  analogous  to  the  compound  ammonias  was 
experimentally  established,  was  published  in  conjunction  with  M.  Cahours. 
In  three  subsequent  memoirs  these  compounds  were  further  investigated 
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with  the  determination  of  the  differences  by  which  they  were  discrimi- 
nated from  their  nitrogen  analogues.  We  have  here  presented  to  us  the 
first  example  of  a  diatomic  base  formed  by  the  action  of  bromide  of  ethy- 
line  or  triethyl-phosphine,  in  which  reaction  (as  in  the  similar  case  of  the 
diatomic  alcohols)  Hofmann  successfully  established  the  formation  of 
an  intermediate  monatomic  bromide,  the  reaction  taking  place  by  two 
distinct  stages.  In  the  third  of  these  memoirs  a  new  class  of  compound 
bases  is  brought  before  us,  containing  both  nitrogen  and  phosphorus. 
Subsequently^  in  a  series  of  somewhat  less  elaborate  memoirs,  the  con- 
ception of  the  typical  character  of  ammonia  is  greatly  eicpanded  by  the 
examination  of  the  derivatives  of  two  and  three  molecules  of  ammonia. 

As  to  the  researches  in  reference  to  the  colouring-matter  derived  from 
coal-tar,  it  is  only  necessary  to  observe  that  his  inquiries  initiated  and 
rendered  possible  what  is  now  a  vast  branch  of  industry.  In  reference 
to  rosaniline  itself  (the  key  of  the  system),  he  established  the  fact,  long 
unknown,  that  this  substance  was  not  an  aniline  compound  at  all,  but 
derived  from  the  combination  of  aniline  with  toluidine. 

I  may  lastly  mention,  as  a  fitting  conclusion  to  this  series  of  discoveries, 
an  investigation  of  very  wide  interest,  which  has  resulted  in  the  con- 
struction of  the  normal  cyanides  (a)  of  the  monatomic  hydrocarbons, 
formed  by  the  action  of  chloroform  on  the  primary  monamines,  which, 
together  with  water,  are  resolved  into  formic  acid  and  the  base  whence 
they  are  derived ;  while  their  isomers  (Class  B),  the  nitrites,  under 
similar  conditions  yield  ammonia  and  their  corresponding  acids.  Hofmann 
has  also  established  the  existence  of  a  new  class  of  cyanates  (fi)  of  the 
same  monatomic  hydrocarbons  which,  together  with  water,  are  resolved 
into  ammonia  and  their  corresponding  alcohols,  the  original  class  (a) 
being  resolved  under  the  same  circumstances  into  carbonic  add  and  the 
primary  monamines,  as  in  the  experiment  of  Wurtz  before  referred  to,  the 
whole  investigation  standing  in  intimate  connexion  with  Hofmann's 
previous  work. 

To  estimate  the  value  of  these  results  it  is  necessary  to  go  through 
the  vast  mass  of  experimental  evidence  from  which  they  are  deduced, 
which  constitutes  a  body  of  complete  and  exact  information  in  reference 
to  one  general  subject  not  easily  paraUeled  in  the  history  of  Chemistry. 

The  Medal  was  received  by  Dr.  Hofmann. 

A  Boyal  Medal  has  been  awarded  to  Mr.  William  Crookes,  F.B.S., 
for  his  various  chemical  and  physical  researches,  more  especially  for  his 
discovery  of  Thallium^  his  investigation  of  its  compounds,  and  determi- 
nation of  its  atomic  weight;  and  for  his  discovery  of  the  repulsion 
referable  to  radiation. 

In  the  year  1861  Mr.  Crookes  communicated  the  discovery  of  a  new 
element,  which  he  had  detected  by  means  of  a  green  line  exhibited  in  the 
spectrum  of   certain  selenium  residues  which  he  was  examining  for 
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tellurium.  The  element  had  as  yet  been  found  in  Extremely  small 
quantities  only;  but  yet  he  was  able  to  prove  chemically  as  well  as 
optically  that  it  was  a  new  substance,  which,  from  some  of  its  reactions, 
he  thought  most  probably  belonged  to  the  sulphur  group  of  elements, 
and  to  which  he  gave  the  name  Thallium. 

The  investigation  of  this  new  substance  was  eagerly  foUowed  out ; 
and  by  inquiries  in  various  directions  he  succeeded  in  obtaining  it  in 
larger  quantities,  though  his  supply  was  stiU  most  inconveniently  small, 
rendering  it  necessary  to  work  the  same  material  over  and  over  again, 
instead  of  carrying  on  the  investigation  of  two  or  more  of  its  compounds 
simultaneously.  This  investigation,  which  had  led  him  to  perceive  that 
the  new  body  was  a  metal,  which  he  isolated,  was  in  progress  when  (in 
the  summer  of  1862)  he  was  induced  to  send  in  a  preliminary  notice  of 
his  investigations  to  the  Eoyal  Society,  instead  of  wuting,  as  he  had 
intended,  till  the  research  wad  complete,  in  consequence  of  the  publication 
by  M.  Lamy  (who  had  been  fortunate  enough  to  meet  with  a  compara- 
tively fertile  source  of  the  new  substance)  of  a  paper  in  which  he  described 
several  of  its  compounds  and  announced  its  metallic  nature.  The  com- 
plete memoir  was  presented  to  the  Eoyal  Society  early  in  1863,  and  is 
published  in  the  '  Philosophical  Transactions '  for  that  year.  It  contains, 
among  other  things,  a  provisional  determination  of  the  atomic  weight, 
giving  a  mean  result  of  203-96. 

The  atomic  weight  of  an  element  being  a  constant  of  fundamental 
importance,  Mr.  Crookes  spared  no  pains  in  an  accurate  determijiation 
of  that  of  thallium.  This  research,  which  extended  over  several  years, 
is  described  in  a  highly  elaborate  memoir  which  was  presented  to  the 
Eoyal  Society  in  1872,  and  is  published  in  the  '  Philosophical  Transac- 
tions '  for  the  following  year.  The  various  weighings  which  the  investi- 
gations required  were  performed  and  reduced  with  the  most  scrupulous 
regard  to  minute  accuracy,  as  the  utmost  care  was  taken  in  the  prepara- 
tion of  the  chemicals.  Though  only  one  method  was  employed,  namely 
that  of  determining  the  weight  of  nitrate  of  thallium  obtained  from  a 
known  weight  of  the  metal,  the  care  with  which  the  whole  process  was 
conducted,  and  the  near  agreement  of  the  different  experiments,  are  such 
as  to  lead  us  to  regard  the  final  mean  203*642  as  most  probably  very 
near  the  trurh. 

In  the  course  of  the  weighings  which  were  executed  in  this  research, 
Mr.  Crookes  noticed  some  minute  anomalies  depending  on  temperature 
which  did  not  seem  referable  to  currents  of  convection.  This  led  him 
into  a  train  of  experimental  research  which  resulted  in  the  discovery  of 
an  action  of  radiation  which,  whatever  be  its  real  nature  (a  point  still 
involved  in  mystery),  and  whether  the  action  be  direct  or  indirect,  all 
who  have  seen  or  followed  the  experiments  must  allow  to  be  most  re- 
markable. An  account  of  this  research  was  published  in  the  '  Philoso- 
phical Transactions '  for  1874. 
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When  delicate  beams  of  straw  and  other  materials,  carrying  pith  balls 
or  disks  at  their  ends,  were  mounted  so  as  to  turn  as  freely  as  possible 
within  glass  vessels  from  which  the  air  could  be  exhausted,  it  was  found 
that  at  atmospheric  pressure  the  approach  of  a  hot  body  produced  a 
movement  usually  indicative  of  an  attraction,  real  or  apparent,  between 
the  ball  and  the  body,  and  that  of  a  cold  body  a  reverse  movement.  In 
these  motions,  however,  it  is  evident  that  currents  of  convection  play  a 
leading  part ;  nor  does  it  appear  by  any  means  certain  that  the  actions 
may  no^be  due  to  these  and  other  well-known  causes.  The  same  thing 
continues  when  the  air  is  partially  exhausted,  until,  at  a  certain  high 
rarefaction  varying  according  to  circumstances,  the  motions  cease,  or 
nearly  so.  But  on  passing  this,  a  new  and  unexpected  phenomenon  is 
revealed,  which  is  exhibited  in  perfection  in  chemical  vacua,  and  in  the 
best  vacua  produced  by  the  Sprengel  pump  with  the  improvements  which 
Mr.  Crookes  has  introduced  into  it.  The  suspended  body  is  now  repelled 
with  striking  energy  when  a  source  of  radiant  heat  or  light  is  presented 
to  it,  or  even,  if  the  radiation  be  powerful,  when  it  is  held  at  some  dis- 
tance, or  when  the  sun's  rays  concentrated  by  a  lens  are  thrown  upon  it. 
The  action  has  more  recently  been  exhibited  by  Mr.  Crookes  in  an  ex- 
ceedingly striking  form  by  means  of  a  horizontal  4-armed  fly  delicately 
mounted  on  a  sharp  point,  and  carrying  at  the  ends  of  the  arms  j»th 
disks  in  vertical  planes  passing  through  the  arms,  the  disks  being 
blackened  on  one  face,  on  the  same  side  for  all.  The  motion  depends  in 
this  case  on  a  differential  action  on  the  black  and  white  faces,  the  black 
being  repelled. 

It  is  the  mystery  attending  this  phenomenon  that  gives  it  its  great 
importance.  There  is  evidently  some  action  going  on  with  which  we  are 
not  at  present  acquainted ;  and  there  is  no  saying  what  a  thorough  in- 
vestigation into  the  cause  of  the  phenomenon  may  lead  to. 

The  Medal  was  received  by  Mr.  Crookes. 

A  Eoyal  Medal  has  been  awarded  to  Dr.  Thomas  Oldham,  F.B.S.,  for 
his  long  and  important  services  in  the  Science  of  Geology,  first  while 
Professor  of  Geology  in  Trinity  College,  Dublin,  and  Director  of  the  Geo- 
logical Survey  of  Ireland,  and  chiefly  for  the  great  work  which  he  has 
BO  long  conducted  as  Superintendent  of  the  G^ogical  Survey  of  India, 
in  which  so  much  progress  has  been  made  that  in  a  few  years  it  will  be 
possible  to  produce  a  Geological  Map  of  India  comparable  to  the  Geological 
Map  of  England  executed  by  the  late  Mr.  Greenough ;  also  for  a  series 
of  volumes  of  Geological  Beports  and  Memoirs,  including  the  *  Pals&on- 
tologica  Indica,'  published  under  his  direction. 

Professor  Oldham  is  the  author  of  more  than  twenty  Geological  Memoirs 
and  Beports,  published  in  the  Journal  of  the  Geological  Society  of  Dublin, 
that  of  the  Geological  Society  of  London,  the  Journal  of  the  Asiatic  So- 


Digiti 


zed  by  Google 


94  Anniversary  Meeting.  [Nov.  30, 

ciety  of  Bengal,  the  Gtovemment  Becords  of  the  Geological  Society  of 
India,  and  other  serial  publications. 

Among  other  work^  many  years  ago  (in  1843)  he  discovered  the  first 
known  fossils  in  the  Cambrian  rocks  of  Brayhead,  to  which,  by  the  late 
Professor  Edward  Forbes,  the  generic  name  of  Oldhamia  was  given, — a 
discovery  which  in  its  day  created  the  same  kind  of  impression  among 
geologists  that  the  discovery  of  Eozoon  produced  when  found  by  the  late 
Sir  William  Logan  in  the  Laurentian  rocks  of  Canada.  He  was  aJso  among 
the  earliest  of  the  workers  on  the  Geology  of  Ireland  to  show  that  above 
the  ice-scratched  rocks  of  the  island  marine  shells  were  found  in  days  and 
gravels  up  to  600  feet  above  the  level  of  the  sea ;  and  arguing  on  this 
discovery,  he  produced  two  maps  showing  the  state  of  Ireland  as  a  group 
of  islands  when  submerged  to  that  depth,  and  also  when  submerged  to  a 
depth  of  1000  feet,  which  he  considered  himself  justified  in  believing  to 
have  been  the  case. 

Some  of  his  other  memoirs  give  excellent  accounts  of  the  geology  of 
large  tracts  of  India,  in  one  of  which  he  showed  that  the  Bajmahal  Hills 
consist  of  great  lava-fiows  of  trappean  rocks,  proved  to  have  been  ejected 
as  lavas  by  the  fact  that  the  sandstones  with  which  they  are  interbedded 
are  always  much  altered  by  the  trap  that  rests  upon  them,  and  unaltered 
when  they  lie  upon  the  traps.  His  memoirs  on  the  Cretaceous  rocks  of 
parts  of  India  also  conveyed  a  great  deal  of  new  knowledge  to  European 
geologists  ;  and  the  manner  in  which  he  has  directed  the  G^logical  Sur- 
vey of  that  great  country,  from  the  Himalaya  to  Cape  Comorin  (still 
going  on),  deserves  the  gratitude  of  geologists  in  particular  and  of  men  of 
science  in  general. 

The  Medal  was  received  by  Professor  Bamsay  for  Dr.  Oldham. 

The  Statutes  relating  to  the  election  of  Council  and  Officers  were 
then  read,  and  Colonel  Younghusband  and  Dr.  Hector  having  been,  with 
the  consent  of  the  Society,  nominated  Scrutators,  the  votes  of  the  Fellows 
present  were  collected,  and  the  following  were  declared  duly  elected  as 
Council  and  Officers  for  the  ensuing  year : — 

President.— Joseph  Dalton  Hooker,  C.B.,  M.D.,  D.C.L.,  LL.D. 
Treasurer. — ^William  Spottiswoode,  M.A.,  LL.D. 

Secretaries  — I  ^^^'  ^®^^®  Gabriel  Stokes,  M.A.,  D.C.L.,  LL.D. 
1  Prof.  Thomas  Henry  Huxley,  LL.D.,  Ph.D. 

Foreign  Secretary. — Prof.  Alexander  William  Williamson,  Ph J). 

Other  Members  of  the  Council. — ^Professor  J.  Couch  Adams,  LL.D. ; 
Major-General  John  T.  Boileau;  Edward  Viscount  Cardwell,  F.G.S.; 
Warren  De  LaRue,  D.C.L. ;  Captain  Frederick  J.  O.  Evans,  EJ^.,  C.B. ; 
Edward  Frankland,  D.C.L.;  Albert  C.  L.  G.  Giinther,  M.A.,  M.D.; 
Professor  T.  Wharton  Jones,  F.B.C.S. ;    Joseph  Norman  Lockyer, 
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F.E.A.S. ;  The  Eev.  Eoberfc  Main,  M.A. ;  Professor  Daniel  Oliver,  F.L.S. ; 
Professor  Edmund  A.  Parkes,  M.D. ;  Eight  Hon.  Lyon  Playfair,  C.B., 
LLJ).;  William  Pole,  C.E.,  Mus.  Doc. ;  The  Eev.  Bartholomew  Price, 
M.A.;  Warington  W.  Smyth,  M.A. 

The  thanks  of  the  Society  were  given  to  the  Scrutators. 

The  following  Table  shows  the  progress  and  present  state  of  the  Society 
with  respect  to'  the  number  of  Fellows : — 


Patron 

and 
Koyal. 

Foreign. 

Com- 
pounders. 

^4 
yearly. 

Total. 

November  30,  1874. 
Elected 

4 

42 
+     9 
-     3 

266 
+      5 
-  15 
+     1 

259 
+  15 

-  15 

-  1 

571 
+  29 
-  33 

Deceased    

Since  compounded   . 

November  30, 1876. 

4 

48 

257 

258 

567 
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Account  of  the  appropriation  of  the  sum  of  £1000  annually  voted 
by  Parliament  to  the  Boyal  Society  (the  Government  Grant)  ^ 
to  be  employed  in  aiding  the  advancement  of  Science  (con- 
tinued from  Vol.  XXIII.  p.  80). 

1876. 

1.  Mr.  G.  B.  A.  Wright,  for  continuation  of  Besearches  on  the 
Opimn  Alkaloids  '. £50 

2.  Mr.  G.  J.  Bomanes,  for  an  Experimental  Inquiry  into  the 
Pacts  of  Heredity,  as  exhibited  by  Plants  and  by  AnimaJs    30 

3.  Messrs.  Dewar  and  M'Kendrick,  for  an  Investigation  of  the 
Physiological  Action  of  Light,  and  of  the  Chinoline  and  Pyridine 
Bases 160 

4.  Prof.  W.  C.  Williamson,  for  Besearches  on  the  Organization 

of  the  Fossil  Plants  of  the  Coal-measures 30 

6.  Prof.  Church,  for  aid  in  continuing  and  extending  Investiga- 
tions into  the  Colouring-matter  Turacin 60 

6.  Prof.  G.  C.  Foster,  for  Apparatus  and  Experiments  to  esta- 
blish a  practical  method  of  measuring  the  Electrical  Besistance  of 

any  conductor  in  absolute  electromagnetic  measure 100 

7.  Mr.  H.  T.  Stainton,  for  aid  in  publishing  the  'Zoological 
Becord' 100 

8.  Dr.  Bigsby,  for  aid  in  publishing  a  '  Thesaurus  Devonico- 
Carboniferus' 160 

9.  Dr.  Maxwell  Simpson,  for  continuation  of  Besearches  on  the 
Synthesis  of  Organic  Compounds 60 

10.  Prof.  Boscoe  and  Prof.  Balfour  Stewart,  for  the  obtaining  of 
Drawings  to  scale  of  a  definite  Portion  of  the  Solar  Spectrum 100 

11.  G.  F.  Bod  well,  for  investigating  the  change  of  volume  by 
Heat  of  Bromide  and  Chloride  of  Silver^  and  of  certain  ParafHnes .      60 

12.  Prof.  Duncan,  for  investigation  of  the  Histology  of  the 
ActinidsB,  and  of  the  G^nus  Primnoa 26 

13.  J.  N.  Lockyer,  for  continuation  of  Spectroscopic  Besearches .    200 

14.  Prof.  W.  N.  Hartley,  for  continuation  of  Besearches  on  the 
Photographic  Spectra  of  Substances    60 

16.  Prof.  W.  K.  Parker,  for  aid,  in  publication  by  the  Linnean 
Society,  of  Drawings  illustrative  of  Besearches  on  the  Development 
of  the  Skull  in  the  Vertebrata 100 

16.  Mr.  J.  M.  Thomson,  for  Experiments  on  the  Absorption  of 
Gases  by  Charcoal  at  high  Pressures  26 

17.  Mr.  F.  A.  Mahomed,  for  Besearches  on  Arterial  Tension  . .       25 

18.  Sir  W.  Thomson,  for  Eeduction  of  Tidal  Observations 100 

£1396 
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Report  of  the  Kern  Commttee. 
*£      8.   d. 


To  balance  on  hand, 
Nov.  30, 1874....  1157  19    7 

To  Grant  from  Trea- 
sury (1875) 1000     0    0 

Bepayment : — 

P.  Galton    25    0    0 

Interest   13  12    9 


£2196  12    4 


Or. 
£     s.     d, 

Bj  AppropriationB  as 

above   1395    0    0 

Printing  and  Postal 

charges    4    5     0 

Balance  on  hand,  Nov. 

30,1875 797    7    4 


^2196  12    4 


Account  of  Grants  from  the  Donation  Fund  in  1874r-75. 

Prof.  Bupert  Jones,  to  enable  him  to  prepare  illustrations 
of  his  investigations  on  Fossil  Entomostraca  .    .     . 

Mr.  H.  Willett,  in  aid  of  the  Sub-Wealden  Exploration 
Fund.    .    .    :    

Dr.  Carpenter,  for  payment  of  Assistant-Naturalist  in  the 
Cruise  of  the  '  Valorous '  and  for  apparatus    .    .    . 


25 

0    0 

60 

0    0 

120 

0     0 

£195    0     0 


Heport  of  the  Kevo  Committee  for  the  Year  ending 
October  31, 1875. 

Magnetic  Work, — ^The  year  has  been  marked  by  the  recommencement 
of  regular  work  with  the  Magnetographs,  which  had  been  taken  down 
for  examination  and  repair  by  Mr.  Adie,  as  described  in  the  last  Beport. 
The  scale-values  having  been  redetermined^  the  instruments  were  set 
in  action  on  the  1st  of  January,  1875,  and  therewith  the  second  series 
of  continuous  photographic  records  of  magnetic  phenomena  was  inau- 
gurated. 

The  monthly  observations  with  the  absolute  instruments  have  been 
continued,  as  usual,  by  Mr.  G.  M.  Whipple,  who  also  takes  charge  of  the 
general  magnetic  work,  in  which  he  has  had  the  assistance  of  Mr. 
Cullum  and  F.  Figg.  The  two  Sergeants  of  the  Boyal  Artillery, 
formerly  in  Sir  E.  Sabine's  office  at  Woolwich,  have  been  in  regular 
attendance  at  Kew  throughout  the  year. 

The  principal  constants  employed  in  the  computations  for  the  Tables 
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used  in  the  redaction  of  the  monthly  absolute  observations  which  had 
been  determined  bj  Mr.  Welsh  have  been  re-examined.  A  memorandum 
containing  the  results  of  the  observations  in  question  for  the  twelve 
months  ending  Sept.  30,  1875,  has  been  prepared,  and  is  appended  to 
this  Beport ;  and  it  is  the  intention  of  the  Committee  to  furnish  similar 
statistics  with  each  of  their  subsequent  Eeports. 

A  paper  embodying  the  results  of  absolute  determinations  for  the  six 
years  ending  with  March  1875  has  been  prepared  and  submitted  to  the 
Society;  it  forms  a  continuation  of  the  similar  paper  for  the  pre- 
ceding six  years,  ending  March  1869,  which  was  submitted  by  Dr.  B. 
Stewart,  and  is  printed  in  the  *  Proceedings  of  the  Society,'  vol.  xviii. 

The  Magnetic  Beductions  for  the  current  year  have  been  kept  up  nearly 
to  date.  As  regards  the  arrears  of  work  shown  in  the  tabular  statement 
appended  to  the  Beport  of  the  Xew  Committee  of  the  British  Associa- 
tion for  1870-71,  no  progress  had  been  made  in  dealing  with  any  of  the  ele- 
ments (with  the  exception  of  the  tabulation  of  the  Declination  curves)  up 
to  the  month  of  April  last,  owing  to  the  insufficiency  of  the  regular  staff 
to  deal  with  such  a  mass  of  materials ;  at  that  period,  however,  an  extra 
assistant  was  engaged  to.  undertake  the  reduction  of  these  arrears.  By 
this  means  good  progress  has  been  made  with  the  first  portion  of  this 
work,  the  preparation  of  the  "  fair "  and  "  subsidiary "  tabulations  for 
the  years  1871-1873. 

Magnetic  data  have  been  supplied  to  Sir  W.  Thomson,  LL.D.,  Dr. 
Atkinson,  Capt.  Ettrick  Creak,  B.N.,  Mr.  Woodward,  and  Mr.  H.  A. 
Bowland. 

The  Unifilar  and  Dip-circle  lent  to  the  Bev.  S.  J.  Perry  for  use  at 
Xerguelen  Island  on  the  Transit-of- Venus  Expedition,  as  mentioned  in 
last  Beport,  have  been  returned  by  that  gentleman.  A  Unifilar  lent  from 
Kew,  in  the  year  1869,  to  Capt.  Elagin,  Imperial  Bussian  Navy,  was 
returned  by  him  in  February  of  this  year,  and  at  his  request  the  con- 
stants were  redetermined  and  the  results  forwarded  to  him.  He  has 
left  a  Dip-circje  at  Kew  to  be  repaired. 

MeUorohgical  Work. — ^The  several  self-recording  instruments  for  the 
continuous  registration  respectively  of  Pressure,  Temperature,  Humidity, 
Wind  (Direction  and  Velocity),  and  Bain  have  been  maintained  in  regular 
operation  as  usual  under  the  care  of  Mr.  T.  W.  Baker,  assisted  by  T. 
Gunter.  The  daily  standard  eye-observations  for  the  control  of  the 
automatic  records  have  been  made  regularly. 

In  addition  to  the  regular  work  of  Kew  as  one  of  the  self-recording 
Observatories  in  connexion  with  the  Meteorological  Office,  the  duty  of 
examining  and  checking  the  work  of  all  the  seven  Observatories  of  the 
same  character  has  been  carried  on,  in  accordance  with  the  method  de- 
scribed in  the  Beport  of  the  British  Association  for  1869.  This  portion 
of  the  work  has  been  performed  by  Messrs.  Cullum,  Hawkesworth,  and 
Deane.    In  the  month  of  August  application  was  made  to  the  Observa- 
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torj  by  the  Meteorological  Office  for  the  torvioes  of  one  of  the  stafE  to 
take  temporary  charge  of  the  Valencia  Obeervatory,  owing  to  the  serious 
illness  of  the  Superintendent  of  that  Station,  the  Bev.  Thomas  Kerr,  who 
has  since  died.  Mr.  CuUum  at  once  consented  to  undertake  the  duty, 
and  he  has  remained  at  Valencia  up  to  the  present  time.  This  change 
has  necessarily  weakened  the  working  power  of  Kew  in  the  special  de- 
partment now  under  consideration ;  and  in  consequence  a  certain  amount 
of  arrears  have  accumulated,  but  these  will  be  ere  long  cleared  o£E. 

The  only  change  as  regards  the  photographic  instruments  has  been  the 
substitution  of  copper  chimneys  for  the  gas-jets  for  the  glass  chimneys 
formerly  in  use,  an  alteration  which  has  proved  to  be  beneficial. 

The  result  of  a  careful  comparison  of  the  thermogram  tabulations  at 
the  several  observatories,  obtained  by  the  use  of  the  fiducial  lines  traced 
on  the  curves  by  photography,  with  the  standard  readings,  has  shown 
that  the  original  glass  scales  supplied  (the  values  for  which  had  been 
determined  at  Kew  in  1868)  were  not  in  all  instances  sufficiently  exact, 
and  new  scales  have  accordingly  been  supplied  wkere  requisite. 

Electrometer. — ^The  Self-recording  Electrometer  continues  in  operation. 
Some  imperfection,  of  which  the  cause  was  not  .dearly  ascertained,  inteiv 
rupted  the  continuity  of  the  action  of  the  instrument  in  August ;  but  this 
was  overcome  and  the  record  resumed.  Experiments  for  obtaining  the 
scale-value  have  been  made  by  the  use  of  a  battery  of  100  Bunsen's  cells. 

Mr.  Ellis,  Superintendent  of  the  Meteorological  and  Magnetic  De- 
partment at  the  Boyal  Observatory,  Greenwich,  has  visited  Kew,  by 
direction  of  the  Astronomer  Eoyal,  in  order  to  examine  the  instru- 
ment, in  the  view  of  the  possible  procuring  of  a  similar  apparatus  for 
Greenwich. 

Photohdiograph. — ^The  instrument  which,  in  Eebruary  1873,  was  trans- 
ferred to  Greenwich  for  the  use  of  the  Astronomer  Boyal  has  been 
reported  by  him  to  be  ready  for  immediate  return  to  Kew. 

The  re-examination  of  the  measurements  of  the  Kew  sun-pictures,  as 
noticed  in  the  last  Beport,  has  been  steadily  carried  on  .throughout  the 
year  (at  the  expense  of  Mr.  De  La  Bue,  D.C.L.)  by  Mr.  Whipple,  assisted 
by  Mr.  M'Laughlin,  who  has  been  temporarily  engaged  ior  Uiis  purpose. 

The  eye-observations  of  the  sun,  after  the  method  of  Hofrath 
Schwabe,  have  been  made  daily  by  Mr.  Foster,  when  possible,  as  de- 
scribed in  ihd  Beport  iar  1872,  in  order,  for  the  present,  to  maintain 
the  continuity  of  the  Kew  record  of  sun-spots. 

Extra  Ohservaiions.' — ^The  experiments  with  a  Photometer  for  measui^ 
ing  the  total  intensity  of  daylight,  which  has  been  designed  by  Prof.  H. 
E.  Bosooe,  Ri.D.,  have  been  continued  during  the  year,  as  mentioned 
in  hist  Beport.  The  original  instrument  provided  by  Prof.  Boscoe 
having  proved  defective,  it  was  replaced  by  another,  which  remains  on 
trial. 

The  observations  with  Thermometers  at  different  levels  on  the  Pagoda 
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in  Kew  (^ftrdens  were  resumed  in  Noyember  1874,  after  an  intenral  of  a 
few  months,  and  were  continued  until  March,  when  the  experiments 
were  concluded,  having  lasted  over  nearly  two  years.  The  results  have 
been  sent  to  the  Meteorological  Office,  at  the  expense  of  which  Depart- 
ment the  investigation  was  conducted. 

A  commencement  has  been  made  of  the  observation  of  Solar  Badiation 
at  Kew ;  and  Thermometers  for  that  purpose  (**  Black  bulbs  in  vacuo" 
bj  di&rent  makers)  have  been  placed  iu  the  grounds  and  read  regularly. 

The  Begistering  Sundial  invented  by  Mr.  J.  P.  Campbell,  F.Q.S., 
which  has  been  in  operation  for  several  years  at  the  Office  of  the  Local 
Government  Board,  8  Blcbmond  Terrace,  Whitehall,  has  been  trans- 
ferred to  Kew,  and  is  in  action  at  the  Observatory.  It  consists  of  a 
glass  sphere  and  wooden  bowl,  and  the  effect  is  measured  by  the  amount 
of  wood  charred  by  the  sun's  action  in  the  course  of  six  months.  Ex- 
periments are  in  progress  to  obtain  a  satisfactory  daily  record  of  the 
duration  of  the  sun's  heating-action  by  a  similar  method. 

Verificatians, — This  department  of  the  Observatory  continues  to  ex- 
hibit increased  activity,  and,  in  more  than  one  respect,  important  steps 
have  been  taken  with  the  view  of  augmenting  its  efficiency. 

The  following  magnetic  instruments  were  verified : — 

2  Unifilars  for  the  Arctic  Expedition. 

2  Declinometers  for  the  Arctic  Expedition. 

2  Barrow's  Dip-circles  for  the  Arctic  Expedition. 

3  Fox's  Circles  for  the  Arctic  Expedition. 

1  Fox's  Circle  for  Staff-Commander  Creak. 
1  Dip-needle  for  H.M.S.  *  Challenger.' 

Constants  were  determined  for  3  Magnets  for  the  Admiralty. 

The  set  of  Magnetographs  ordered  by  Capt.  C.  Fujazon  for  the  Marine 
Observatory  of  San  Fernando,  near  Cadiz,  have  been  constructed,  and, 
after  verification  at  Kew,  have  been  forwarded. 

A  similar  set  of  Magnetographs  has  been  ordered  by  Dr.  Yogel  for 
the  new  Astrophysical  Observatory  at  Fotsdam,  near  Berlin. 

A  XJnifilar  and  Dip-circle  have  been  obtained  for  Padre  F.  Denza,  of 
the  Observatory  of  Moncalieri,  and  have  been  forwarded  to  him  after 
verification. 

The  following  meteorological  instruments  have  been  verified,  this 
portion  of  the  work  being  entrusted  to  Mr.  T.  W.  Baker,  assisted  by 
Messrs.  Foster,  Constable,  and  Welsh : — 

Barometers,  Standards 67 

„  Marine  and  Station 126 

193 
Aneroids    21 
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Thermometers,  orditiary  Meteorological 1238 

'„  Boiling-point  Standards 64    . 

„  Mountain 20 

„  Clinical 1439 

•  2761 

In  addition,  272  Thermometers  have  been  tested  at  the  melting-point 
of  mercury* 

The  Committee  are  glad  to  say  that  this  department  of  the  operations 
at  Kew  shows  a  very  satisfactory  increase  in  utility,  as  is  proved  by  the 
following  statement,  showing  the  fees  paid  for  the  verification  of 
Barometers  and  Thermometers  during  the  three  years  1873-75  : — 

Barometers.  ThermometerB.  Total. 

£      8,     d.  £      8,     d.  £8.  d. 

1873  ....  72    6    0  110  17    6  183    2  6 

1874  ....  65  10    0  157  16     0  213    6  0 

1875  ....  88    7    0  214  17    0  303    4  0 

The  increase  has  been  mainly  under  the  head  of  instruments  received 
from  opticians. 

The  Committee  have  it  in  contemplation  to  improve  the  utility  of  Kew 
for  the  verification  of  instruments  by  opening  an  office  in  London  for 
their  receipt,  so  as  to  relieve  opticians  from  the  trouble  of  sending  the 
instruments  to  Kew  and  fetching  them  back  again. 

13  Standard  Thermometers  have  been  calibrated  and  divided  at  Kew. 

The  following  is  the  list  of  miscellaneous  instruments  which  have 
been  verified : — 

Hydrometers    150 

Bain-gauges •. • 3 

Dial  Anemometers  (Eobinson's) 6 

A  Thermograph  has  been  tested  and  its  scale-values  determined  for 
the  Mauritius  Observatory. 

A  double  box  Sextant,  together  with  a  Transit-Theodolite,  has  been 
obtained,  verified,  and  forwarded  to  Major  Knight  in  India. 

The  apparatus  devised  by  Mr.  P.  Galton  for  facilitating  the  veri- 
fication of  Thermometers,  which  was  mentioned  in  the  last  Beport,  has 
been  erected  at  Kew,  and  has  been  found  of  great  service,  especially 
in  the  way  of  affording  means  of  maintaining  high  temperatures  for  a 
considerable  length  of  time. 

A  number  of  tubes  of  exceptional  range,  for  the  construction  of 
Standard  Thermometers,  have  been  added  to  those  at  present  in  stock. 

With  reference  to  the  testing  of  Anemometers,  as  mentioned  in  last 
Beport,  with  the  hope  that  the  experiments  with  artificial  rotation  would 
be  resumed  on  a  future  occasion,  it  has  been  found  that  the  large  expense 
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which  would  be  entailed  to  provide  a  suitable  apparatus  for  use  at  Kew 
would  exceed  the  resources  of  the  Observatory.  These  investigations 
have  therefore  not  been  carried  out  hitherto. 

It  has  appeared  desirable  to  replace  the  Cathetometer  used  in  con- 
nexion with  the  Standard  Barometer  by  a  new  instrument ;  and  accord- 
ingly such  an  apparatus  is  in  process  of  construction.  As  soon  as  this 
is  completed  it  is  intended  to  institute  a  comparison  between  the  Stan- 
dard Barometers  at  Kew  and  Greenwich,  the  Astronomer  Soyal  having 
most  readily  consented  to  such  an  operation. 

Information  on  meteorological  results  has  been  supplied  to  Mr.  G-.  J. 
Symons,  the  Secretary  of  the  Northern  Institute  of  Mining  Engineers, 
Mr.  K.  J.  Mai^s,  and  the  Editor  of  the  *  Illustrated  London  News.' 

Pendidum  ApparcUus, — In  the  use  made  of  the£ew  pendulum  vacuum- 
chamber  by  Capt.  Heaviside,  E.E.,  in  the  course  of  the  year  1874,  it  was 
found  that  a  certain  amount  of  deterioration  in  the  joints  had  taken 
place.  These  have  since  been  newly  ground  and  rendered  air-tight  so  as 
to  be  ready  for  use. 

Mr.  C.  J.  Peirce,  of  the  ITnited  States  Coast  Survey,  having  made 
through  the  Admiralty  an  application  to  the  Boyal   Society  to   be 
allowed  to  swing  his  pendulums  at  Kew,  has  at  once  received  permis- 
sion, and  the  experiments  will  be  undertaken  in  the  course  of  the  ensuing  . 
year. 

Two  Iron  Tripods,  which  had  been  formerly  used  for  swinging  in- 
variable pendulums,  and  had  remained  in  store  at  Kew,  were  granted  by 
the  Committee  to  the  Hydrographer  for  the  service  of  the  Arctic  Ex- 
pedition. They  were  repaired  at  the  expense  of  the  Admiralty ;  and 
while  one  of  them  still  remains  at  Kew,  the  other  has  been  supplied  to 
the  Expedition,  together  with  the  wooden  clock-supports ;  at  the  same 
time  an  Astronomical  Clock  (Shelton,  No.  35)  was  also  supplied  to  the 
Hydrographic  Office. 

Chronometer  Testing, — It  has  been  under  deliberation  during  the  year 
whether  or  not  it  would  be  advisable  to  institute  at  Kew  an  Office  for 
the  testing  and  rating  of  Chronometers,  of  a  similar  character  to  that 
conducted  at  Bidston  Observatory  by  Mr.  J.  Hartnup. 

The  President  and  Council  of  the  British  Horological  Institute  have 
expressed  themselves  favourably  to  the  proposal  in  a  scientific  point  of 
view ;  but  as  yet  no  decision  has  been  arrived  at  by  the  Committee. 

Imtruction  given, — Four  Officers  from  the  Arctic  Expedition  attended 
at  Kew  for  instruction  in  the  use  of  Magnetic  instruments,  and  two 
others  for  instruction  in  the  swinging  of  pendulums  and  in  the  use  of 
the  Transit-Instrument.  The  final  observations  of  these  gentlemen  were 
recorded  for  making  Kew  a  base  station.  Certain  modifications  in  the 
absolute  Magnetic  instruments,  designed  by  Mr.  Whipple  for  adaptation 
for  use  in  high  latitudes,  have  been  effected  to  the  satisfaction  of  the 
Hydrographer. 
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Lieut.  Wille,  o£  the  Norwegian  Navy,  received  instruction  in  the  use 
of  Magnetic  instruments. 

Mr.  H.  F.  Blanford,  Meteorological  Beporter  to  the  Government  of 
India,  received  instruction  in  the  general  working  of  Meteorological 
instruments,  Mr.  Northcote  in  the  use  of  Astronomical,  and  the  Bev. 
Charles  J.  Taylor  in  the^use  of  Meteorological  instruments. 

Waxed  paper  has  been  supplied  to 


The  Eadcliffe  Observatory. 

Zi-ka-Wei,  China. 

Vienna. 

San  Fernando. 


The  Mauritius. 

Bombay  Observatory. 

Armagh. 

The  Meteorological  Office. 


A  collection  of  apparatus,  principally  electrical,  which  had  belonged 
to  the  late  Sir  Fnuicis  Eonalds,  and  had  remained  in  store  at  Kew 
from  the  time  of  his  resigning  the  superintendence  of  the  Observatory, 
was  most  kindly  presented  to  the  Committee  by  his  executors  in  the 
month  of  Aprils 

The  several  pieces  of  Mechanical  Apparatus,  such  as  the  Whitworth 
Lathe  and  Flaning-Machine,  procured  by  Grants  from  either  the 
Qovemment-Orant  Fund  or  the  Donation-Fund,  for  the  use  of  the 
Kew  Observatory,  have  been  kept  in  thorough  order ;  and  many  of  them 
are  in  constant  and  others  in  occasional  use  at  the  Observatory. 

Library. — ^The  usual  Donations  of  Scientific  Periodicals,  both  English 
and  Foreign,  have  been  received  at  Kew. 

Observatory  and  Grounds. — ^H.M.  Commissioners  of  Woods  and  Forests 
have  supplied  a  Stove  for  erection  in  the  Verification  Boom. 

Application  has  been  made  to  the  same  Office  for  the  formation  of  a 
gravelled  footway  across  the  Old  Deer  Park  to  the  Observatory,  and  for 
certain  internal  repairs  to  the  Building. 

The  detached  houses  within  the  Observatory-enclosure,  used  respec- 
tively for  Magnetic  Observations,  workshop,  and  store-house,  have  been 
thoroughly  cleaned  and  painted. 

Staff. — The  Staff  employed  at  Kew  are  as  follows . — ^Mr.  Samuel 
Jeffery,  Superintendent ;  G.  M.  Whipple,  B.Sc.,  First  Assistant ;  T.  W. 
Baker,  Second  Assistant ;  J.  E.  Cullum,  J.  W.  Hawkesworth,  J.  Foster, 
F.  Figg,  A.  B.  Deane,  E.  Constable,  G.  A.  Henniker,  T.  Gunter,  and 
P.  Welch. 

Mr.  Bobert  H.  Scott  continues  to  act  as  Honorary  Secretary  to  the 
Committee. 

Visitors. — ^The  Observatory  has  been  honoured  by  the  presence,  among 
others,  of : — 

Prof.  J.  C.  Adams,  LL.D.,  of  Cambridge. 

Dr.  C.  Borgen,  Marine  Observatory,  Wilhelmshaven. 

Senor  Da  Souza,  of  Coimbra. 
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Dr.  Adolph  Hirsch,  Neufch&tel. 

British  Horologicarinstitute,  a  Deputation  from. 

Capt.  Hoffmann,  Wilhelmshaven. 

Prof.  H.  M'Leod,  F.G.S.,  and  the  Students  of  the  Boyal  Indian 

C.B.  Coll.,  Cooper's  Hill, 
M.  Bedier,  Paris. 
Dr.  Buhlmann,  of  Hanover. 
Mr.  H.  C.  Russell,  of  Sydney. 
Prof.  Sporer,  of  Anclam. 
Dr.  H.  Yogel,  Sonnenwarte,  Potsdam. 

The  following  is  the  Balance  Sheet  of  the  Observatory  for  the  year ; 
and  it  will  be  seen  from  it  that  the  finances  are  in  a  fairly  satisfactory 
condition  :-* 
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APPENDIX. 


Ma^piftic  Observations  made  at  the  Kew  Observatory,  Lat,  51°  28'  6"  N,, 
Long.  0*  1"  15"-1  W.,for  the  year  October  1874  to  September  1875. 

The  observations  of  Deflection  and  Vibration  given  in  the  annexed 
Tables  were  all  made  with  the  Collimator  Magnet  marked  KCl,  and 
the  Kew  9-inch  Unifilar  Magnetometer  by  Jones,  the  property  of  the 
Magnetic  Office,  directed  by  General  Sir  E.  Sabine. 

The  Declination  observations  have  also  been  made  with  the  same 
Magnetometer,  Collimator  Magnet  N  E  being  employed  for  the  purpose. 

The  Dip  observations  were  made  with  Dip-circle  No.  33,  the  needles 
1  and  2  only  being  used ;  these  are  Bi  inches  in  length. 

The  results  of  the  observations  of  Deflection  and  Vibration  give  the 
Talues  of  the  Horizontal  Force,  which,  being  combined  with  the  Dip 
observations,  furnish  the  Vertical  and  Total  Forces. 

These  are  expressed  in  both  English  and  metrical  scales — the  units  in 
the  first  being  one  foot,  one  second  of  mean  solar  time,  and  one  grain ; 
and  in  the  other  one  millimetre,  one  second  of  time,  and  one  milligramme, 
the  factor  for  reducing  the  English  values  to  metric  values  being  0-46108. 

The  moment  of  inertia  of  the  magnet  with  its  stirrup  was  determined 
in  1858  by  the  late  Mr.  Welsh,  as  were  also  the  coefficients  applied  in 
corrections  for  temperature  variations  and  terrestrial  induction. 

The  value  of  log  x^K  employed  in  the  reduction  is  1*64457  at  tem- 
perature 60°. 

The  induction-coefficient  /i  is  0*000194. 

The  correction  of  the  magnetic  power  for  temperature  t^  to  an  adopted 
standard  temperature  of  35^  Fahr.  is 

0*0001194(<o  -  35)  +  0*000,000,213(^0  -  35)«. 

The  true  distances  between  the  centres  of  the  deflecting  '^d  deflected 
magnets,  when  the  former  is  placed  at  the  divisions  of  the  deflection-bar 
marked  1*0  ft.  and  1*3  ft.,  are  1*000075  ft.  and  1*300097  ft.  respectively. 

The  times  of  vibration  given  in  the  Table  are  each  derived  from  the 
mean  of  12  or  14  observations  of  the  time  occupied  by  the  magnet  in 
making  100  vibrations,  corrections  being  applied  for  the  torsion-force  of 
Uie  suspension-thread  subsequently. 

No  corrections  have  been  made  for  rate  of  chronometer  or  arc  of 
Tibration,  these  being  always  very  small. 

The  value  of  the  constant  P,  employed  in  the  formula  of  reduction 

;=|;(l-^).  is -0-00192. 

In  each  olwervation  of  absolute  Declinatiop  the  instrumental  readings 
have  been  referred  to  marks  made  upon  the  stone  obelisk  erected  about 
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a  quarter  of  a  mile  north  of  the  Observatory  as  a  meridian  mark,  the 
orientation  of  which,  with  respect  to  the  Magnetometer,  was  determined 
bj  the  late  Mr.  Welsh,  and  has  since  been  carefully  verified. 

The  observers*  initials  refer — W  to  Mr.  0-.  M.  Whipple,  C  to  Mr.  J. 
E.  Cullum,  P  to  Mr.  C.  O.  L.  Power,  and  F  to  Mr.  F.  Qt.  Figg. 

Observations  of  Deflection  for  Absolute  Measure  of  Horizontal  Force. 


Month. 


O.  M.  T. 


Bistanoee 

of 
Centres  of 
Magnets. 


Tempe- 
rature. 


Observed 
Deflection. 


Log  J. 
Mean. 


1874. 
October 


November . 


December  . 


1875. 
January 


February 

Vitych    ... 

April 

May  


June 


July  

August  .... 
September. 


d    h    m 

foot. 

21  12  33  P.1C. 

1-0 

1-3 

2  17    „ 

1-0 

1-3 

27  12  24  P.1I. 

1-0 

1-3 

2  14    „ 

1-0 

1-3 

22    1    7p.1i. 

1-0 

1-3 

2  31    ., 

10 

1-3 

26  11  66a.1i. 

10 

1-3 

12  24p.]r. 

1-0 

1-3 

24    2    8p.1i. 

10 

1-3 

2  37    „ 

10 

1-3 

22  12  48P.1C. 

10 

1-3 

2  18   „ 

10 

1-3 

26  12  38P.1C. 

10 

1-3 

2    8   „ 

10 

1-3 

24    1  40  p.m. 

10 

1-3 

2  36   „ 

10 

1-3 

23  12  40  p.m. 

14 

1-3 

2  16    ., 

lO 

1-3 

28    1  d4p.M. 

10 

1-3 

2  38   ., 

lO 

1-3 

18  12  21  P.M. 

10 

1-3 

2  39   .. 

10 

1-3 

21  12  noon. 

10 

13 

1  56  p.m. 

lO 

1-3 

59-7 
69'8 
36*6 
39'2 
32-8 
331 
'42-6 
'438 
'4b'2 


.41-8 
610 
5i2*3 
62*8 
'66*'9 
*71-4 

'fi-i 

'69*5 
*73-8 
*74'6 
'75*8 

'm 

77*8 
67-4 
*690 


1%  49  A 

7  8  23 
15  44    4 

7  8  14 
15  63  22 

7  10  19 
15  52  62 

7  9  38 
15  64  13 

7  10    9 

15  51  16 
7    824 

16  52    7 
7    9  11 

15  51    4 

7  8  46 
15  49  48 

7  8  24 
15  50  10 

7  8  35 
15  46  45 

7    8    3 

15  48  38 
7    7  22 

16  48  44 
7    750 

15  47    7 
7    6  47 

16  46    7 
7    648 

16  45  43 

7  6  20 
15  47  46 

7  646 
15  44  55 

7  6  10 
15  46    1 

7  8  19 
15  43  39 

7  5  44 
15  44  24 

7  5  45 
15  43    8 

7  5  12 
15  47  25 

7  7  8 
15  44  58 

7    6  26 


9-13660 


913726 


9-13647 


913678 


9-13602 


913686 


9-13655 


913620 


9-13629 


913649 


913549 


9-13617 
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Vibration  Observations  for  Absolute  Measure  of  Horizontal  Force. 


Month. 

1 

1 

G.  M.  T. 

Tempe- 
rature. 

Time  of 

one 

Vibration. 

LogwX. 
Mean. 

Value  of  «i. 

1 

O 

1874. 
October 

d    h    m 

21  11  48  a.m. 

2  51  P.M. 

27  11  47  a.m. 

2  44  p.m. 

22  12  26  p.m. 

3  20   „ 

26  11  20  a.m. 

12  50  p.m. 

24    1  20  p.m. 

4  18   „ 

22  12  24  p.m. 

2  50   „ 
26  11  46  a.m. 

2  45  p.m. 
24    1    Op.m. 

3  8 

23  11  48  a.m. 

3  14  p.m. 

28  11  59  a.m. 

3  13  p.m. 
18  11  29  a.m. 

3  17  p.m. 
21  11  12a.m. 

2  21  P.M. 

57-8 
59-2 
33-8 
39-6 
30-8 
32-0 

41-2 
450 
369 
48-6 
507 
51-8 
60-8 
68-5 
71-7 
71-5 
680 
73-7 
730 
75-8 
73-9 
775 
644 
692 

sees. 
4-6185 
4-6191 
4-6098 
4-6125 
4-6156 
4-6148 

46131 
4-6130 
4-6081 
4-6173 
4-6250 
4-6194 
4-6261 
4-6189 
4-6276 
4-6253 
4-6291 
4-6281 
4-6283 
46306 
4-6293 
4-6293 
4-6280 
4-6276 

0-31512 
0-31527 
0-31438 

a31548 
0-31553 
0-31427 
0-31577 
0-31640 
0-31480 
0-31486 
0-31488 
0-31465 

0-53188 
053243 
053140 

0-53227 
0-53183 
0-53096 
0-53230 
0-53186 
053164 
0-53170 
0-53111 
053139 

w. 

tt 
If 
l» 

M 

n 

i» 

(1 

0. 

II 

w. 

If 

c. 

•I 
II 
II 
II 
II 
It 
ff 
II 
II 

w. 

If 

WoTembcr 

December 

1875. 
JanoATT 

Febmaiy  

April 

Bfay  

*"  /    •...•«■ 

June  ........•-T-TT- 

July  

"   V    

1 
AiiffUfft  .    ..T,,..T 

September......... 

1 

Dip  obserrations. 

Magnetic  IntensitT. 

(Metrical  measures  in  old-faced 

figures.) 

Month. 

G.  M.  T. 

;zi 

Dip. 

O 

X,  or 

Horizontal 

Force. 

Y,  or 
Vertical 
Force. 

Total 
Force. 

1874. 
October... 

fi 

November 

ft 

1 

d   h  m 

22  2  27  P.M. 

2  30    „ 

23  2  28    „ 

3  3    „ 

Mean 

1 

2 

1 
2 

67  50-00 
47-46 
50-06 
48-87 

w. 

p. 

f> 

p. 

fl 

w. 
w. 

ff 

tl 

"  i 

38843 
I-79IO 

3-8816 
1-7897 

3-8811 
17895 

9-5269 
4*39a7 

9-5276 
43930 

9-5065 
4-3833 

*^ 

10-2881 

47437 

10-2880 
47436 

10-2881 
47438 

67  4910 

23  2  35  P.M. 

2  36    ,. 
28  2  34    „ 

2  31     „ 

Mean 

1 
2 
1 
2 

67  49-24 
49-68 
51-44 
49-84 

07  50-05 

1 

23  2  40  P.M. 
2  40    „ 

24  2  40    ,, 
2  38    „ 

Mean 

1 
2 

1 
2 

1 

1  December 

1 

67  53-00 
48-34 
52-06 
4778 

67  60-30 

'" 
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Dip  obflerYationB  {eontimied). 

Magnetic 
(Metrical 

Intensity  (conHnued). 
figures.) 

Month. 

a.  M.  T. 

^ 

Dip. 

O 

X,or 

Horizontal 

Force. 

Y.or 
Vertical 
Force. 

Total 
Force. 

1875. 
J&nuary 

11 
February 
March  ... 

April 

M>y 

June 

July 

August ... 
September 

d  h  m 
22  3  10  P.1I. 

3  10    „ 
27  0  15    „ 

0  16    „ 

Mean 

1 
2 
1 
2 

67  49-68 
47-56 

67  51*06 
48*47 

^* 
It 

w. 

II 

w. 

II 

w. 

p. 

c. 
c. 

F. 

II 

t 

F. 

II 

F. 

W. 

II 

C. 

F. 
II 

F. 

i» 
W. 

II 

38846 
1*7911 

3-8882 
1*7918 

3-8833 
1*7905 

38870 
1*7922 

3-8869 
1*7922 

3-8837 
17907 

3-8831 
1*7904 

3-8877 
1-7926 

3-8836 

1*7907 

nigitize 

9-52S4 
4*3934 

9-5348 
4*3963 

9-5179 
4*3885 

9-5398 
43987 

9-5203 
4*3897 

95183 
4*3887 

9-5188 
4*3889 

9-5291 
4*3937 

9-5247 
4;3?i7 

d  by  V^OO< 

10-2899 

4*7445 

10*2970 

4*7478 

10*2794 
4*7397 

10-3015 
4*7499 

10*2830 
4*74»3 

10-2802 
47400 

10-2804 
4*7401 

10-2915 
4*7453 

10*2861 
^  474*7 

67  49-19 

23  2  49  P.1C. 
2  35    „ 

Mean 

1 
2 

67  50*06 
47-73 

67  48-89 

23  2  19  P.M. 
2  19    .. 

24  3  36    „ 

Mean 

1 
2 

1 

67  49-78 
46-76 

[49-88] 

67  48-26 

27  2  48  P.M. 
2  45    „ 

Mean 

1 
2 

67  51*12 

48-72 

67  49*92 

26  2  41  P.M. 

2  43    „ 

27  3    5    ., 

3  6    „ 

Mean 

1 
2 

1 
2 

67  47-37 

-  46*81 

48-34 

47-40 

67  47-48 

24  2  36  P.M. 
2  40    „ 

25  2  54    „ 
2  56    „ 

Mean 

1 
2 
1 
2 

67  48-31 
48*03 
48-37 
48-03 

67  48*18 

26  3  17  P.M. 

3  16    „ 
29  2  42    „ 

2  43    „ 

Mean 

I 

1 
2 

67  47*53 
47*22 
51-31 
47-75 

67  48-45 

19  2  44  P.M. 

2  45    ., 
203    4    „ 

3  6    „ 

Mean 

1 
2 

1 
2 

67  48-00 
47*65 
50-56 
47*09 

67  48-32 

20  3    8  p.m. 

3    9    „ 
23  2  44    „ 

2  51    ., 

Mean 

1 
2 
1 
2 

67  49*81 
48-68 
50-94 
46-65 

67  4902 
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UntX)rrected. 

Corrected  for  torsion. 

1 

Month. 

a.M.T. 

Observa- 
tion. 

Monthly 
Mean. 

Observa- 
tion. 

Monthly 
Mean. 

1874. 
October  

d.   h.  m. 

22  12  27  p.m. 

23  12  30  „ 

25  12  25  p.m. 

26  12  35  „ 

28  12  32  „ 

23  11  53  a.m. 

24  12      noon 

25  12  29  p.m. 

26  10  53  a.m. 

25  12  28  p.m. 

26  2    5  „ 

23  12  31  P.M. 

24  12  56   „ 

27  12  18  p.m. 
^  10  25  a.m. 

26  12  21  P.M. 

27  12  21   „ 

24  11  58  a.m. 

25  12    9  p.m. 

29  12  36  p.m. 

30  12  25  „ 
19  12  20  p.m. 

23  12  33  p.m. 

24  12  33  „ 

A  45  20 
19  49    9 
19  51  39 
19  45  49 
19  44  35 
19  41  46 
19  40    5 

19  53    9 
19  42  40 
19  48  13 
19  47  45 
19  46  45 
19  46  37 
19  45  16 
19  40    3 
19  40  14 
19  45  20 
19  40  56 
19  41  28 
19  39    5 
19  43  35 
19  40  10 
19  42  23 
19  34  31 

West. 
1%  47  14 

19  47  21 
19  40  55 

19  47  54 

19  47  59 

19  46  41 

19  42  39 

19  42  47 

19  41  12 

19  41  20 
19  40  10 

19  38  27 

1%^    '1 
19  49    9 
19  48    0 
19  45  49 
19  44  35 
19  41  46 
19  40  52 

19  53    9 
19  42  40 
19  48  13 
19  47  45 
19  46  45 
19  46  37 
19  45  16 
19  40    3 
19  43  34 
19  45  20 
19  38  22 
19  41  28 
19  36  32 
19  41     1 
19  42  37 
19  37  55 
19  37  43 

West. 

o      1      n 

19  49  35 

19  4&    8 
19  41  19 

19  47  64 

19  47  59 

19  46  41 

19  42  39 

19  44  27 

19  39  55 

19  38  46 
19  42  37 

19  37  49 

W. 
P. 

w. 

ft 
»f 
II 

p. 

w. 

II 

w. 

c. 

II 
t> 
II 
11 
If 

w. 

d. 

w. 

II 

NoTember  

December  

1876. 
January  ..*•••,•• 

February    

MaF^h.. ... 

April  

May   

June 

July    

Aufiiflt 

Se^mber 

Presents  received^  November  18,  1875. 

Transactions. 

Alexandria : — Sod^t^  Kh^yiale  de  G^ograpUe.     Discours  prononc^ 
au  Gaire  k  la  s^noe  d'inauguration  le  2  Juin,  1875,  par  G. 
Schweinfurth.  8vo.  1875.    Statuts.  Svo.  1875.        The  Society. 
Berwickshire  Naturalists'  Club.    Proceedings.  Vol.  YII.  No.  2.  8yo. 

The  Club. 

Boston  [U.S.] : — American  Academy  of  Arts  and  Sciences.    Vol.  X. 

(New  Series,  Vol.  11.)  8vo.  1875.  The  Academy. 

Boston  Society  of  Natural  History.    Memoirs.  Vol.  U.  PnH  3. 

No.  3-5;  Part  4.  No.  1.  4to.  1874r-75.    Proceedings.  Vol.  XVI. 

Part  3, 4 ;  Vol.  XVn.  Part  1, 2.  8vo.  1874r-75.    Jeffries  Wyman, 

Memorial  Meeting.  8vo.  1874.  The  Society. 

Bristol: — ^Naturalists'  Society.     Proceedings.    New  Series.    Vol.  I. 

Part  1,  2.  8vo.  1874-75.    Laws.  1875.     List  of  Members  Ac. 

The  Society, 
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Transactions  {continued), 

Brussels  : — Soci^t^  Malacologique  de  Belgique.    Annales.  Tome  I.- 
Vm.  8vo.    BruxelUs  1863-73. 

The  Society  (Mons.  Jules  Colbeau,  Secretary). 
Cordova: — Academia  Nacional  de  Ciencias  Exactas  existente  en  la 
Universidad.     Boletin.  Entrega  IV.  Svo.  Buenos  Aires  1875. 

The  Academy. 
Dublin : — Eoyal  Irish  Academy.     Transactions.  Vol.  XXIV.    Anti- 
quities. Parte.  4to.  1874.    Vol. XXV.  Science.  Part 5-19.  4to. 
1874-75,     Proceedings.  Series  2.  Vol.  I.  No.  1,  9, 10 ;  Vol.  H. 
No.  2,  3,  10.  8to.  1870-75.  The  Academy. 

Glasgow: — Philosophical  Society.     Proceedings.  Vol. IX.  No.  2.  Svo. 
1875.  The  Society. 

Kiel : — ^XJniversitat.     Schriften  aus  dem  Jahre  1874.  Band  XXI.  4to. 
1875.  The  University. 

Li^e : — Sod^t^  G^logique  de  Belgique.    Annales.  Tome  I.   1874. 
Svo.  1875.  The  Society. 

Society  Royale  des  Sciences.  Memoires.  Deuxi^meSMe.  Tome  IV. 
Svo.  Bruxelles  1874.  The  Society. 

London  : — British  Association.     Export  of  the  Forty-fourth  Meeting, 
held  at  Belfast  in  August  1874.  Svo.  1875.         The  Association. 
Institution  of  Civil  Engineers.     Minutes  of  Proceedings,  1874-75. 
Vol.  XL.,  XLI.  Svo.  1875.  The  Institution. 

Linnean  Society.  Transactions.  Vol.  XXIX.  Part  3.  Second 
Series,  Botany.  Vol.  I.  Part  1.  Zoology.  Vol.  I.  Part  1.  4to. 
1875.  Journal.  Botany.  Vol.  XIV.  No.  80;  Vol.  XV.  No.  81. 
Svo.  1875.  The  Society. 

Pathological  Society.    Transactions.  Vol.  XXVI.  Svo.  1875. 

The  Society. 
Koyal  Asiatic  Society.    Journal.  New  Series.  Vol.  11.  Part  2.  Svo. 
1875.  The  Society. 

Boyal  Geographical  Society.  Proceedings.  Vol.  XIX.  No.  6,  7. 
Svo.  1875.  The  Society. 

Boyal  Medical  and  Chirurgical  Society.  Medico-Chirurgical  Trans- 
actions. Vol.LVm.  8vo.  1876.  Proceedings.  Vol.  Vn.  No.  S. 
Svo.  1875.  The  Society. 

Zoological  Society.  Transactions.  Vol.  IX.  Part  1-4.  4to.  1875. 
Proceedings.  1875.  Part  1-3.  Svo.  Bevised  List  of  Vertebrated 
Animals  in  the  Gardens.  Supplement.  Svo.  1875.  The  Society. 
Milan : — Society  Italiana  di  Scienze  Naturali.  Memorie.  Tomo  in. 
No.  1.  4to.  Milano  1873.  Atti.  Vol.  XVI.  fasc.  3, 4 ;  Vol.  XVIL 
fasc.  1-3.  Svo.  1874-75.  The  Society. 

Eeale  Istituto  Lombardo  di  Scienze  e  Lettere.  Memorie.  Sd.  Mat. 
e  Nat.  Vol.  XH.  fasc.  6 ;  Vol.  Xni.  fasc.  1.  4to.  Lettere  e  Sci. 
Morali.  Vol.  XIL   fasc.  4;  Vol.  XIU.  fasc.  1.   4to.   1873-74. 
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Transactions  (continued), 

Eendiconti.  Serie  2.  Vol.  V.  fasc.  18-20;  Vol.  VI.  ;Vol.  VH. 

fasc.  1-16.  8vo.  1872.  The  Institute. 

Paris :— rficole  Polytechnique.    Journal.  Tome  XXVII,  4to.  1874. 

The  School. 
Pisa : — Sodetli  Toscana  di  Sdenze  Naturali.    Atti.  Vol.  I.  fasc.  1, 2. 

8vo.  1876.  The  Society. 

Quebec : — ^Literary  and  Historical  Society.    Transactions.  New  Series. 

Part  2.  8vo.  1875.  The  Society. 

Trieste : — Society  Adriatica  di  Scienze  Naturali.    Bollettino.  No.  2-5. 

8vo.  1875.  The  Society, 

Watford : — Natural-History  Society  and  Hertfordshire  Pield-Club. 

Transactions.  Vol.  I.  Part  1.  8vo.  1875.  The  Society. 


Eeports. 

Boston  [U.S.] : — Peabody  Education  Fund.  Proceedings  of  the  Trus- 
tees from  their  original  organization  in  1867.  Vol.  I.  8vo,  1875. 

The  Hoiv  Eobert  C.  Winthrop. 

Cambridge  [U.S.] : — Peabody  Museum  of  American  Archseology  and 

Ethnology.  Annual  Eeports  of  the  Trustees.  1-8.  8vo.  1868-75. 

The  Hon.  Eobert  C.  Winthrop. 
Chicago : — Public  Library^    Annual  Eeports  of  the  Board  of  Directors. 
1,  2.  8vo.  1873-74.  The  Library. 

Kiel : — Commission  zur  Untersuchung  der  deutschen  Meere*  Jahres- 
bericht  fiir  die  Jahre  1872,  1873.  Jahrgang  II.,  Ill,  folio. 
Berlin  1875.  Ergebnisse  der  Beobachtungsstationen  an  den 
deutschen  Kusten  uber  die  physikalischen  Eigenschaften  der 
Ostsee  und  Nordsee  und  die  Pischerei,  1874.  Heft  10-12.  Schluss- 
heft.  4to.  1875.  The  Institution. 

Leeds : — ^Yorkshire  College  of  Science.  First  Annual  Eeport.  1874- 
75.  8vo.  1875,  The  College. 

London : — Admiralty.  Eeport  on  Ocean-soundings  and  Temperatures, 
Pacific  Ocean,  China,  and  adjacent  seas.  H.M.S.  'Challenger.' 
No.  4.  folio.  1875.  The  Admiralty. 

British  Museum.    A  Selection  from  the  Miscellaneous  Inscriptions 
of  Assyria,  by  Sir  H.  C.  Eawlinson,  assisted  by  George  Smith 
(Cuneiform  Inscriptions,  Vol.  JV.)   folio.  London  1875.     Cata- 
logue of  Oriental  Coins.  Vol.  I.  8vo.  1875.  The  Trustees.! 
Corporation  of  London.      Catalogue  of  the  Library.   8vo.   1859. 
Supplements.  VL-XIIL  8vo.  1866-76.            The  Corporation. 
Medical  Officer  of  the  Privy  Council  and  Local  Government  Board. 
Eeports.  New  Series.  No.  1-3.  8vo.  1874.         J.  Simon,  F.E.S. 
Meteorological  Office.     Quarterly  Weather  Eeport.  1873,  part  4 ; 
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Beports  {continued). 

1874,  part  1.  4to.  1875.     Hourly  Seadings.   January  to  May 

1875.  folio.  Eeport  of  the  Meteorological  Committee  for  1874. 
8yo.  1875.  Beport  of  the  Proceedings  of  the  Conference  on 
Maritime  Meteorology  held  in  London,  1874.  870.  1875.  In- 
structions in  the  use  of  Meteorological  Instruments,  by  B.  H. 
Scott,  F.B.S.  8vo.  1876.  The  Office. 

Madrid : — Comision  del  Mapa  geologioo  de  Espana.    Boletin.  Tomo  I. 

8yo.  1874.  The  Commission. 

San  Fernando  : — Obseryatorio  de  Marina.    Almanaque  Nautico  para 

1877.  8vo.  Barcelona  1876.  The  Observatory. 

Toronto : — ^Magnetic  Observatory.     Abstracts  and  Eesults  of  Mag- 

netical  and  Meteorological  Observations  from  1841  to  1871.  8vo. 

1875.  The  Observatory. 

Washington  : — Bureau  of  Navigation.    The  American  Ephemeris  and 

Nautical  Almanac  for  the  year  1878.  8vo.  1875.        The  Bureau. 


Armit  (B.  H.)  Light  as  a  Motive  Power,  a  series  of  Meteorological 
Essays.  Vol.  I.  8vo.  London,  1875.  The  Author. 

Carruthers  (G.  T.)  A  Letter  to  the  Astronomer  Boyal,  explaining  a 
new  theory  of  the  Solar  System.  8vo.  1875.  The  Author. 

Chasles  (M.),  For.  Mem.  B.S.  Aper§u  historique  sur  Forigine  et  le 
d^veloppement  des  Methodes  en  Geometric.  Seconde  £dition.  4to. 
1875,  The  Author. 

Codrington  (Sir  Edward),  Memoir  of  his  Life,  with  selections  from  his 
Correspondence,  edited  by  Lady  BoUrchier.  2  vols.  8vo.  London 
1873.  Lady  Bourchier. 

Darwin  (Charles),  F.B.S.  Insectivorous  Plants.  8vo.  London  1875. 
The  Movements  and  Habits  of  Oimbing  Plants.  Second  Edition. 
8vo.  London  1875.  The  Author. 

Davis  (Capt.  J.  E.)  and  P.  L.  H.  Davis.  Sun's  true  bearing  on  Asdmuth 
Tables,  computed  for  intervals  of  four  minutes  between  the  paral- 
lels of  Latitude  30°  N.  and  30°  S.  inclusive.  8vo.  London  1875. 

The  Authors. 

Elliot  (Sir  H.  M.)  The  History  of  India  as  told  by  its  own  Historians, 
edited  and  continued  by  John  Dowson.  Vol.  VI.  8vo.  London  1875. 

Lady  Elliot. 

Guy  (W.  A.),  F.B.S.    The  Harveian  Oration,  1875.  8vo.  London  1875. 

The  Author. 

Jones  (T.  Bupert),  F.B.S.  Manual  of  the  Natural  History,  Geology,  and 
Physics  of  Greenland  and  the  neighbouring  regions,  prepared  for  the 
use  of  the  Arctic  Expedition  of  1875.  8vo.  London  1875. 

The  Admiralty. 
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Keller  (Ferdinand)    The  Lake-dwellings  of  Switzerland  and  other  parts 

oE  Europe,  translated  and  arranged  by  J.  E.  Lee,  F.S.A.   8vo. 

Londan  1866.  The  Editor. 

Klein  (E.),  F.E.S.    The  Anatomy  of  the  Lymphatic  System.— 11.  The 

Lung.  Svo.  London  1876.  The  Author. 

Lartet  (E.)  and  H.  Christy    BeliquiaB  Aquitanicffi,  edited  by  T.  Bupert 

Jones,  F.E.S.  Part  17.  4to.  London  1875. 

The  Executors  of  the  late  H.  Christy,  Esq. 
Lasaulx  (A.  von)     Elemente  der  Petrographie.  Svo.  Bonn  1875. 

The  Author,  by  E.  MaUet,  F.E.S. 
Lee  (J.  E.)    Isca  Silurum,  or  an  Illustrated  Catalogue  of  the  Museum 

of  Antiquities  at  Caerleon.  Svo.  London  1862.     Supplement.  Svo. 

1868.  The  Author. 

Lorin  (M.)    Aper^u  g^n^ral  de  I'Heredit^  et  de  ses  lois,  8vo.  Paris  1876. 

C.  Darwin,  F.E.S. 
Marie  (M.)    Theorie  des  Fonotions  de  Variables  Loiaginaires.  Tome  II. 

Svo.  Paris  1876.  The  Author. 

Mueller  (Ferdinandus  de)     Fragmenta  Phytographi»  Australied.     Vol. 

Vn.,  Vin.  Svo.  Mdl>oume  1869-74.  The  Author. 

Bennie  (Sir  John),  Autobiography  of.  Svo.  London  1875. 

J.  C.  Eennie,  Esq. 
Sdiultze  (Fritz)    Kant  und  Darwin :  ein  Beitrag  der  Entwicklungslehre. 

Svo.  Jena  1875.  C.  Darwin,  F.E.S. 

Taylor  (A.  S.),  r.E.S.     On  Poisons  in  relation  to  Medical  Jurisprudence 

and  Medicine.  Third  Edition.  12mo.  London  1875.       The  Author. 
Thomas  (W.  Cave)     The  Eevised  Theory  of  Light.— Section  I.  The 

Principles  of  the  Harmony  of  Colour.  12mo.  London  1875. 

The  Author. 
Watts  (H.),  F.E.S.    A  Dictionary  of  Chemistry.  Second  Supplement. 

Svo.  London  1875.  The  Author. 


November  25,  1875. 

Transactions. 

Berlin : — ^Konigliche  Akademie  der  Wissenschaften .  Abhandlungen  aus 
dem  Jahre  1874.  4to.  1875.  Monatsbericht.  April,  Mai,  Juni, 
Juli,  August  1875.  Svo.  •     The  Academy. 

Danzig : — Naturforschende  Oesellschaft.  Schriften.  Neue  Folge. 
Band  lU.  Heft  3.  Svo.  1874.     Another  copy,  with  photographs. 

The  Society. 

Falmouth : — Boyal  Cornwall  Polytechnic  Society.  Forty-second  An- 
nual Eeport.  Svo.  1874.  The  Society, 

Oeneva : — Institut  National  O^nevois.  Bulletin.  Tome  XIX.  Svo. 
Oeneve  1875.  The  Institute. 
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Transactions  {continued). 

Geneva: — Societe  de  Physique  et  d'Histoire  Naturelle.    Memoires. 

Tome  XXJY.  Partie  1.  4to.  1874-75.  The  Society. 

Goteborg  : — Kongl.  Vetenskaps  och  Vitterhets  Samhalle  Handlingar. 

Ny  Tidsfoljd.  13,  14  Haftet.  8vo.  1874.  The  Society. 

Innsbruck: — Perdinandeum  fiir  Tirol  und  Vorarlberg.     Zeitschrift. 

Dritte  Polge.  Heft  19.  8vo.  1876.  The  Institution. 

Katurwissenschaftlich-medizinischer  Yerein.      Berichte.  Jahrgang 

V.  1874.  8vo.  1875.  The  Institution. 

Lausanne : — Soci^t^  Vaudoise    des   Sciences  Naturelles.      Bulletin. 

2«  S^rie.  Vol.  Xin.  No.  74.  8vo.  1875.  The  Society. 

Prague : — Konigl.  Bohmische  Gesellschaft  der  Wissenschaften.    Ab- 

handlungen  vom  Jahre  1874.   Sechste  Folge.    Band  VII.   4to. 

Prog  1876.     Sitzungsberichte.  Jahrgang  1874.   8vo. 

The  Society. 
Salem  [U.S.]  :— Essex  Institute.     Bulletin.  Vol.  VI.  8vo.  1874. 

The  Institute. 
Vienna : — Geographische  Gesellschaft.     Mittheilungen.  Band  XVII. 

8vo.  Wim  1874.  The  Society. 

Wellington : — New-Zealand  Institute.    Transactions  and  Proceedings. 

Vol.  Vn.  8vo.  1876.  The  Institute. 


Observations. 

Dorpat : — Meteorologische  Beobachtungen  im  Jahre  1874,  redigirt  und 
bearbeitet  von  A.  v.  Oettingen  und  K.  Weihrauch.  Jahrgang  9. 
Band  II.  Heft  4.  8vo.  1875.  The  Observatory. 

Mannheim  : — Grossherzogliche  Sternwarte.  Astronomische  Beobach- 
tungen, angestellt  und  herausgegeben  von  E.  Schonfeld.  Ab- 
theilung  II.  4to.  Carlsruhe  1876.  The  Observatory. 

Prague  : — K.K.  Sternwarte.  Astronomische,  magnetische,  und  me- 
teorologische Beobachtungen  im  Jahre  1874,  herausgegeben  von 
C.  Homstein.  Jahrgang  XXXV.  4to.  Prog  1875. 

The  Observatory. 

Utrecht : — Koninklijk  Nederlandsch  Meteorologisch  Instituut.  Neder- 
landsch  Meteorologisch  Jaarboek  voor  1874.  Jaargang  XXVI. 
4to.  1875.  The  Institution. 


Buijs-Ballot  ( — )    Les  Courants  de  la  Mer  et  de  I'Atmosphere,  traduit 
du  N^rlandais  par  L.  Estourgies.    8vo.    Bruges  1874. 

The  Author. 

Ennis  (Jacob)    The  Origin  of  the  Stars  and  the  causes  of  their  motions 
and  their  b'ght.  8vo.  London  1875.  The  Author. 
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Him  (G*.  A.)  Exposition  analjtique  et  experimentale  do  la  Th^orie 
M^caniqne  do  la  Ghaleur.  3*  Edition.  Tome  I.  8vo.  Paris  1875. 
Th^rie  analytique  ^^mentaire  du  Planimdtre  Amsler.  Sto.  Paris 
1875.  The  Author, 

Kronig  ( — )  Das  Dasein  Gottes  und  das  Oliick  der  Menschen,  materia 
aUstisch-erCahruijigsphilosophische  Studien.  8yo.  Berlin  1874. 

The  Author. 

]^£archand  (E.)  £tude  sur  la  Force  Chimique  contenue  dans  la  lumi^re 
du  Sdeil,  la  Mesore  de  sa  puissance  et  la  determination  des  climats 
qu'elie  caract^rise.  8yo.  Paris  1875.    Pieces  justificatives. 

The  Author. 

Smte  (A.  H.)    Milk  in  Health  and  Disease.  12mo.  London  1875. 

The  Author. 

Stockwell  (J.  N.)  Theory  of  the  Moon's  Motion.  8vo.  Philadelphia 
1875.  The  Author, 

Wallich  (Dr.  G.  C.)  On  the  true  Nature  of  the  soH»lled  "  Bathybius," 
and  its  alleged  Function  in  the  Nutrition  of  the  Protozoa.  8to. 
London  1875.  The  Author, 


Map  of  New  South  Wales.    Mounted. 

The  Proprietors  of  the  « Sydney  Mail.' 


December  9, 1875. 
Dr.  J.  DALTON  HOOKER,  C.B.,  Prerident,  in  the  Chair. 

The  President  announced  that  he  had  appointed  as  Vice-Presidents  :— 

The  Treasurer. 
Prof.  J.  C.  Adams. 
Gapt.  Evans. 
Dr.  Giinther. 
Dr.  W.  Pole. 

The  Presents  received  were  hud  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 

I.  "On  some  Electro-magnetic  Rotations  of  Bar-magnets  and 
Conducting-wires  on  their  Axes.*'  By  G.  Oobs,  F.B.S. 
Received  August  80,  1874.    Revised  October  2, 1875. 

1.  In  all  the  published  forms  of  Ampere's  experiment  of  the  electro^ 
magnetic  rotation  of  a  vertical  bar-magnet  or  conducting-wire  upon  ita 
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axis  bj  Ampere,  Faraday,  Sturgeon,  and  others,  the  magnet  or  wire  has 
either  been  immersed  a  large  portion  of  its  depth  in  mercury,  or  its 
middle  part  has  been  connected  by  a  wire  with  a  surrounding  fl-Tini^Ur 
channel  filled  with  mercury,  and  the  electric  current  passed  into  or  out  of 
the  magnet  or  wire  by  means  of  that  liquid,'  and  the  mercury  has 
formed  an  essential  part  of  the  arrangement. 

2.  In  different  treatises  on  electro-magnetism,  either  no  explanation 
or  different  ones  are  given  of  the  cause  of  the  rotation  of  the  magnet  or 
wire.  The  most  usual  cause  assigned  is  the  action  of  the  portion  of 
current  in  the  mercury  and  the  fixed  conductor  immersed  in  it  upon  the 
current  in  the  rotating  wire  or  magnet ;  and  the  correctness  of  this  ex- 
planation is  proved  by  the  simultaneous  movement  of  the  mercury  in  the 
opposite  direction. 

De  la  Eive,  in  his  Treatise  on  Electricity  (English  edition,  1853,  vol. 
i.  page  259),  very  correctly  remarks,  "  It  must  not  be  supposed  that  the 
phenomenon  of  rotation  is  due,  as  has  been  erroneously  stated,  to  the 
action  upon  the  magnet  of  the  portions  of  the  current  that  traverse  it, 
or  that  traverse  the  conducting-wires  attached  to  the  magnet  and  move 
with  it.  In  fact,  how  could  a  solid  system  be  set  in  motion  by  a  force 
emanating  from  a  portion  of  the  very  system  iti^elf ,  and  connected  with 
it  in  an  indissoluble  manner  ?  The  action  can  only  arise  &om  a  part  of 
ihe  current  which  is  independent  of  the  system  that  moves.  This  part  is 
the  portion  of  the  circuit  which  is  not  connected  with  the  magnet  that  is 
set  in  rotation,  and  which  consequently  is  situated  independent  of  the 
system  in  motion.  This  kind  of  action  has  been  calculated  by  M.  Ampere 
in  a  perfectly  rigorous  manner-" 

3.  Although  the  action  of  the  portion  of  the  current  in  the  mercury  and 
the  fijced  conductor  in  contact  with  it  upon  the  movable  current  in  the 
rotating  wire  or  magnet  is  a  cause  of  the  movement,  there  are  other  dr- 
Cumstanoes  which  cooperate  to  produce  the  rotation,  and  which  are 
themselves  capable,  without  assist^>nce,  of  producing  it.  Wiedemann* 
and  myself  t  have  shown  that  an  electric  current  passing  from  one  end  to 
the  other  of  a  magnetized  iron  ro.d  or  wire  ha^dng  dissimilar  poles  at  its 
two  extremities  produces  torsion,  of  the  wire  (the  two  ends  of  the  wire 
moving  of  course  in  opposite  directions),  and  that  reversing  the  direction 
either  of  the  current  or  of  the  magnetic  polarity,  reverses  the  dicecticm  of 
"Ihe  twist.  In  all  published  cases  of  rotation  of  bar-magnets  on  their, 
axes  by  the  influence  of  electric  currents,  the  two  ends  of  the  magnet  have 
had  dissimilar  poles.  By  meditating  upon  certain  facts  connected  with 
this  subject,  I  concluded  that,  by  passing  a  current  from  one  end  to 
the  other  of  a  magnetized  rod  or  wire  having  similar  poles  at  its  two 
ends,  the  magnet  would  probably  rotate ;  and  experiment  has  demonstrated 
that  conclusion. 

*  "  Magnetiflchen  TJntenuehimgen,"  Pogg.  Ann.  1862,  voL  exm.  p.  108. 
t  "On  Electro-towion,"  Phil.  Trans.  1874. 
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4.  Upon  a  thin  wooden  tuto  15  oentims.  long  and  7  millims.  bore  I 
wound  a  cotton-covered  copper  wire  1*7  millim.  diameter  from  one 
end  of  the  tube  to  the  middle,  then  reversed  the  direction  of  winding 
and  continued  to  the  other  end  and  back  to  the  middle,  again  reversed 
and  coiled  to  the  first  end  of  the  tube;  bj  which  arrangement  the 
passage  of  a  current  through  the  coils  produced  two  similar  poles  at  the 
ends  of  the  tube,  and  two  others  of  the  opposite  kind  at  the  middle. 

The  tube  being  now  fixed  in  a  vertical  position,  a  straight  iron  wire 
15  centims.  long  and  1*8  millim.  diameter,  pointed  at  its  lower  end  and 
surmounted  by  a  brass  mercury-cup  5  millims.  diameter,  containing  a 
drop  of  mercury,  was  supported  entirely  within  the  tube  and  free  ta 
rotate,  by  a  similar  cup  (surmounting  a  fibced  vertica]  brass  rod),  at  the 
lower  end  of  the  tube,  the  upper  end  of  the  axial  wire  being  kept  in 
position  by  a  vertical  brass  rod  fixed  above  the  coil  and  terminated  at  its 
lower  end  by  a  sharp  point  of  platinum  in  the  mercury-cup. 

A  current  from  6  one-pint  Grove's  elements  arranged  as  3  being 
now  passed  through  the  coil,  brass  rods,  and  axial  wire,  the  latter  rotated 
rapidly. 

With  a  downward  current  through  the  axial  wire,  and  north  poles  *  at 
the  ends  of  the  tube,  the  upper  end  of  the  wire  rotated  in  the  same 
direction  as  the  hands  of  a  watch.  Beversing  the  direction  of  the 
current  either  in  the  coil  or  iron  rod,  reversed  of  course  the  direction  of 
motion.  The  rotation  in  this  case  was  not  due  to  obliquity  of  coil-^ 
current,  because  that  was  neutralized  by  the  second  layer  of  coils ;  nor  to 
portions  of  transverse  currents  proceeding  to  or  from  the  brass  rods, 
because  each  of  those  portions  was  10  centims.  distant  from  the  ends  of 
the  axial  wire ;  nor  was  it  due  to  the  portions  of  current  entering  or 
leaving  the  coil,  because  they  entered  and  left  at  the  same  part  and  in 
parallel  directions,  and  thus  neutralized  each  other's  effect.  A  copper  wire 
substituted  for  the  iron  one  would  not  rotate,  probably  because  copper  is 
so  little  capable  of  acquiring  longitudinal  magnetism. 

5.  To  ascertain  if  the  rotation  was  merely  due  to  an  action  of  the 
current  in  the  coil  upon  either  the  axial  current  or  longitudinal  magnetism 
of  the  iron,  or  whether  the  coil-current  simply  performed  the  function  of 
longitudinaUy  magnetizing  the  axial  wire,  I  took  an  iron  wire  23  centims. 
long  and  2'7  millims.  diameter,  sharp-pointed  at  its  lower  end,  soldered 
to  its  upper  end  a  double  wire  of  cotton-covered  copper,  each  wire  being 
1*7  millim.  diameter,  coiled  the  double  wire  upon  the  axial  rod  in  two 
layers  (so  as  to  enable  two  timilar  poles  to  be  formed  at  the  extremities 
of  the  axis),  and  terminated  the  copper  wires  by  a  little  brass  mercury-cup 

*  Bj  a  North  pole  I  mean  thafc  which  pomts  to  the  South,  and  by  a  South  one  that 
whieh  Meke  the  North.  Beoaaee  if  we  call  that  end  of  a  magnet  the  north,  which  is 
repelled  bj  the  eouth  pole  of  the  earth  and  attneted  by  the  nort^  pole,  we  cell  by  die- 
■unilar  and  oppofite  names  two  things  whioh  are  essentially  alike,  and  by  similar 
pamee  two  things  whioh  an  essentially  different  and  opposite. 
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just  aboye  the  top  end  of  the  vertical  iron  axis.  By  supporting  this 
apparatus  as  the  axial  \dre  in  the  previous  experiment,  and  passing  the 
current,  rotation  occurred,  showing  that  the  chief  use  at  least  of  the  coil- 
current  was  to  impart  longitudinal  magnetism  to  the  axial  wire,  and  that 
the  rotation  was  not  simply  due  to  any  reaction  between  the  coil  and  that 
wire.  Beversing  the  direction  of  the  current  did  not  reverse  the  direction 
of  rotation.  In  another  experiment  similar  to  this,  I  formed  about  12 
oentims.  in  length  of  the  middle  part  of  the  axial  wire  of  copper  instead 
of  iron,  and  obtained  similar  rotation ;  but  as  copper  is  only  slightly 
capable  of  acquiring  longitudinal  magnetism  from  a  coil-current  sur- 
rounding it,  a  precisely  similar  apparatus  having  an  axial  wire  composed 
entirely  of  that  metal  would  not  rotate. 

These  experiments  and  the  following  ones  produce  a  striking  effect  in 
a  lecture,  because  the  rotation  appears  to  be  produced  without  reaction 
of  the  moving  part  of  the  apparatus  upon  any  external  or  fixed  body. 

6.  To  determine  whether  the  longitudinal  element  of  the  coil-current 
obtained  by  obliquity  of  winding  of  the  wire  might  be  substituted  for 
the  longitudinal  current  through  the  magnet,  I  took  an  iron  wire  13 
centims.  long  and  1*7  millim.  diameter,  sharp-pointed  at  its  lower  end, 
soldered  near  to  that  end  one  extremity  of  a  cotton-covered  copper  wire 
1*7  millim.  in  diameter,  coiled  the  latter  in  one  direction  to  the  middle 
part  of  the  iron  wire,  then  reversed  the  direction  of  winding  and  coiled 
to  the  other  end  of  the  iron,  and  terminated  the  coil  by  a  little  brass  cup 
just  above  the  upper  end  of  the  iron  wire  as  before.  By  supporting  this 
apparatus  as  in  the  previous  experiments,  and  -passing  the  current,  rapid 
rotation  took  place,  proving  that  a  longitudinal  current  in  the  iron  itself 
was  not  necessary. 

7,  To  ascertain  whether  the  longitudinal  element  of  the  current  was 
essential  to  the  motion,  I  constructed  a  similar  appa-  _ 

ratus  to  the  last,  but  instead  of  attaching  the  upper  ^'    * 

end  of  the  coil  wire  direct  to  the  brass  cup,  I  continued 
the  copper  wire  vertically  downwards  to  the  bottom  of 
the  coil,  to  neutralize  the  effect  of  obliquity  of  winding; 
then  carried  it  outwards  and  upwards  in  the  form  of  a 
large  rectangle  6  oentims.  distant  from  the  coil  and  on 
to  the  mercury-cup,  as  shown  in  fig.  1.  On  passing 
the  current  rotation  occurred  freely,  showing  that  the 
longitudinal  current  was  not  essential  to  the  motion. 
This  experiment,  and  that  described  in  paragraph  4,  ap- 
pears  to  prove  that  the  rotation  is  not  an  effect  of  any 
obliquity  or  spiral  arrangement  of  the  axes  of  the  magne- 
tized iron  molecules  with  regard  to  the  axis  of  the  wire,  produced  by  the 
combined  action  of  the  transverse  and  longitudinal  elements  of  the 
current  in  the  ooil,  because  the  latter  element  was  neutralized,  but  that  it 
is  an  effect  of  the  tangential  poleless  magnetism  in  the  fixed  wires  above 
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ftnd  below  upon  the  longitudinal  magnetiBm  of  the  moTable  iron  axis 
and  its  coil. 

8.  Ab  an  electric  solenoid,  however,  possesses  in  some  degree  manj  of 
the  properties  of  a  magnet,  its  longitudinal  magnetism,  though  feeble, 
must  hare  operated  in  some  of  the  previous  experiments ;  and  I  therefore 
now  tried  to  obtain  rotation  of  one  bj  the  action  of  vertical  currents. 
Upon  a  very  thin  wooden  tube  15  oentims.  long  and  12  miUims.  external 
diameter  I  coiled  a  single  stout  cotton-covered  copper  wire  from  one  end 
tathe  other,  reversing  the  direction  of  winding  at  the  middle  of  the  tube, 
and  surmounting  the  upper  end  of  the  wire  by  a  small  brass  cup  con- 
taining mercury.  The  lower  end  of  the  wire  was  sharply  pointed,  and 
the  coil  was  supported  as  in  the  previous  experiment.  By  passing  the 
current  from  6  one-pint  Grove's  elements  arranged  as  3,  &int  signs  of 
rotation  were  observed. 

9.  In  each  of  these  cases  of  rotation  an  upward  vertical  current 
entering  a  lower  south  pole  or  leaving  an  upper  one  caused  the  upper 
end  of  the  rod  to  rotate  in  the  direction  of  the  hands  of  a  vratch,  and  a 
downward  current  entering  or  leaving  a  north  pole  also  produced  that 
direction  of  motion,  and  reversing  the  poles  in  either  case  reversed  the 
effect. 

10.  In  each  of  these  instances  of  rotation,  without  the  aid  of  a  current 
near  the  middle  of  the  magnet,  the  coil  being  so  constructed  that  the 
current  in  it  could  not  be  reversed  without  reversing  that  in  the  fixed 
conductors  near  it,  reversing  the  direction  of  the  current  did  not  reverse 
that  of  the  rotation,  because  the  two  acting  influences  were  reversed 
together;  and  therefore  each  apparatus  had  its  own  direction  of  rotation, 
either  right-handed  or  left-handed  (itnA  according  to  the  direction  in 
which  its  coils  were  wound.  It  foUows  from  this  that  a  current  the 
direction  of  which  is  alternately  reversed  wiU  drive  the  apparatus  quite 
as  well  as  one  in  one  uniform  direction. 

11.  As  the  rotation  was  apparently  due  to  the  influence  of  the  tangential 
poleless  magnetism  of  the  portions  of  vertical  current  in  the  fixed  con* 
ductora  upon  the  longitudinal  magnetism  of  the  vertical  iron  axis  and  its 
coils,  I  now  endeavoured  to  increase  the  effect.  For  this  purpose  I  sub- 
stituted for  the  upper  brass  rod  a  fixed  coil  consisting  of  one  layer  of 
copper  wire  upon  an  iron  wire  axis,  but  having  dissimilar  poles  at  its 
ends  and  no  poles  at  its  middle  part,  and  placed  between  it  and  the 
lower  brass  rod  a  similar  right-handed  one  to  that  described  in  paragraph 
6  and  free  to  rotate.  The  opposed  poles  of  the  fixed  and  movable 
coils  were  of  opposite  kinds,  t.  e.  north  and  south.  On  passing  a 
current  from  a  Noe's  thermopile  of  96  elements  t  connected  as  24,  rapid 
rotation  in  a  right-handed  direction  occurred.    I  now  substituted  for  the 

*  By  a  "  rig^t-handed**  ooil,  I  moan  one  the  npper  end  of  which  rotates  in  the 
same  direction  aa  the  hands  of  a  watch. 
t  I  have  found  this  apparatus  very  convenient  for  such  experiments. 
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lower  brass  rod  another  £xed  ooil,  similar  to  the  upper  one,  but  of  an 
opposite  direction  of  polarity,  and  passed  the  current  again;  still  more 
rapid  rotation  in  the  same  direction  took  place,  and  the  effect  was  very 
striking.  In  this  latter  instance  two  south  poles  free  to  move  were 
opposed  to  two  fixed  north  poles,  and  in  each  instance  the  current  was 
passed  upwards.  In  the  second  experiment  also  the  longitudinal 
magnetic  influence  of  each  opposed  iron  axis  and  ooil  acted  upon  the 
tangential  magnetism  of  the  longitudinal  element  of  the  end  of  the 
copper  coil-current  opposed  to  it,  and  thus  both  the  longitudinal  and  the 
•tangential  magnetism  of  each  of  the  four  opposed  ends  cooperated  to 
produce  a  most  efEective  result. 

With  a  thicker  axial  wire  in  the  moying  coil  the  rotation  was  not  so 
rapid ;  and  with  an  axial  wire  of  the  usual  thickness,  but  a  double  layer 
of  copper-wire  coils,  and  the  current  passing  through  the  axial  wire,  the 
rapidity  of  rotation  was  not  much  altered,  probably  because  the  increased 
weight  and  friction  counteracted  the  effect  of  the  increased  magnetism. 
By  substituting  for  the  right-handed  movable  coil  with  south  poles  at 
its  extremities,  in  these  experiments,  a  left-handed  one  with  north  poles 
at  its  ends  opposed  to  north  poles  of  the  fixed  ones,  and  passing  the 
current,  no  rotation  occurred :  in  this  case  the  longitudinal  element  of 
the  current  in  the  moTable  coil,  acting  upon  the  longitudinal  magnetism 
dfH;fae  ~&ed  iron  axis  and  its  coil,  tended  to  produce  rotation  in  one 
direction,  and  the  longitudinal  magnetism  of  the  movable  axis  and  its 
coil,  acting  upon  the  longitudinal  element  of  the  current  in  the  fixed  coil, 
tended  to  produce  rotation  in  the  opposite  direction. 

12.  I  now  substituted  for  the  movable  coil  a  vertical  wire  of  iron 
18  centims.  long  and  1*7  millim.  diameter,  surmounted  by  a  small 
brass  mercury-cup,  passed  the  current  from  the  thermopile,  and  ob- 
tained rotation,  but  less  rapid  than  before,  probably  because  of  the 
less  degree  of  longitudinal  magnetism ;  but  by  enclosing  this  wire  in  the 
axis  of  a  fixed  coil  which  produced  appropriate  and  similar  poles  at  its 
two  ends,  as  in  paragraph  4,  and  repeating  the  experiment,  very  great 
velocity  of  rotation  was  obtained.  Eotation  of  a  somewhat  thicker  wire 
of  nickel  was  also  obtained,  both  with  and  without  the  aid  of  the  current 
in  the  middle  fixed  coil.  I  also  tried,  without  the  aid  of  the  middle  fixed 
coil  and  with  it,  a  copper  wire  of  similar  dimensions  to  the  iron  one, 
and  obtained  rotation  freely :  in  this  case  the  motion  was  probably  nearly 
wholly  dae  to  the  action  of  the  longitudinal  magnetism  of  the  adjacent 
ends  of  the  fixed  axial  wires  and  their  coils  upon  the  tangential  magnetism 
produced  in  the  movable  copper  wire  by  the  axial  current.  Each  of  these 
rotations  agreed  in  direction  with  those  of  the  movable  coil. 

13.  The  apparatus  represented  in  fig.  2  was  employed  for  nearly 
all  the  various  modifications  of  the  experiment,  by  substituting  for  one 
or  more  of  the  coils  metallic  wires  Ac.  as  desired.      The  upper  part 

*  the  brass  pillar  A  was  capable  of  sliding  in  the  lower  part  B,  and 
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could  be  fixed  by  a  screw  C,  which  encircled  the  split  ead   of  the  tube  B. 
The  fine  adjustment  was  eifected  by  means   o£   the  screw  D,  t\ye  \q^^ 

Fig.  2. 


end  of  which  rested  upon  the  t^p  of  a  tall  brass  rod  inside  the  brass 
pillar.  The  upper  and  lower  fixed  coils  or  rods  E  and  F  were  insukted 
from  the  brass  clips  Or  and  H,  and  the  battery  was  attachea  to  the 
binding-screws  I  and  J.  K  is  a  binding-screw  for  connectiner  with  the 
upper  coil  or  rod. 

14.  I  also  obtained  rotation  of  the  iron  wire  whilst  the  w\ie  was  m  a 
horizontal  position,  its  ends  resting  in  hollows  in  the  ends  of  the  iron 
axes  of  the  two  fixed  coils,  and  the  ends  of  those  axes  and  of  the  movable 
wire  lying  upon  the  surface  of  pools  of  mercury  in  small  watch-glasses. 
The  movable  iron  wire  was  enclosed  in  the  axis  of  a  thin  iron  tube 
within  a  fixed  coil,  having  appropriate  and  similar  poles  at  its  ends. 
The  current  from  the  thermopile  produced  very  rapid  rotation.      Thia 
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result  proTes  that  the  rotationB  are  not  due  to  tenestrial  magnetio 
influence. 

15.  As  the  directions  of  magnetic  polarity,  electric  current,  and  rota- 
tion agree  with  those  in  the  different  forms  of  Ampere's  experiment, 
and  as  in  most,  if  not  all,  of  the  preriouiljr  known  caiea  of  rotation  of  a 
bar-magnet  or  conducting^wize  on  ita  axis  an  electrie  current  passes 
through  the  end  of  the  bar  or  wiro,  it  is  erideat  that  those  rotations 
were  due,  not  onljr  to  the  portions  of  conent  in  the  mercury  and  fixed 
conductors  connected  with  it  near  the  middle  of  tiie  magnet  or  wire,  but 
also  to  the  influence  of  the  cuxrents  in  the  fixed  eondueton  near  the  ends 
of  the  magnet  or  wire. 

[NoU  added  S^tembet  1876.— It  hairing  been  suggested  by  Pro- 
fessors Maxwell  and  Stokee  that  the  rotation  in  the  foregoing  experi- 
ments was  due  to  the  influence  of  the  portions  of  current  in  the  cups 
of  mercury  or  in  the  fixed  conductors  near  the  ends  of  the  movable  wire 
or  magnet  upon  the  morable  magnet,  I  diminished  the  internal  diameter, 
both  of  the  upper  and  lower  cups,  from  4  miUims.  to  1*75  millim.,  and 
arranged  the  following  apparatus  and  experiments 

The  fixed  upper  wire  was  of  brass,  8*6  millims.  diameter  and  60  millims. 
long;  it  had  no  coil  upon  it,  and  was  used  as  a  conductor  only ;  its  lower 
end  terminated  in  a  fine  point  of  a  steel  needle  projecting  6  millims. 
The  lower  fixed  wire  (also  used  as  a  conductor  only)  was  of  platinum,  to 
resist  the  action  of  the  mercury ;  it  was  2*3  millims.  diameter  and  75 
millims.  long,  with  a  carity  in  its  upper  end  8*6  miUims.  deep  and 
1-75  millim.  diameter,  and  containing  a  thin  plate  of  ruby  in  its  lower 
part,  with  a  minute  hole  in  tiie  centre  for  the  needle-point  to  rotate  in. 
The  movable  wire  was  2*6  millims.  diameter  and  126  millims.  long,  its 
upper  half  being  composed  of  soft  iron  and  its  lower  hall  of  brass ;  its 
lower  end  terminated  in  a  needle-point  like  tiiat  of  the  upper  fixed  vdre, 
and  its  upper  end  had  a  cavity  and  perforated  ruby  plate  like  that  in  the 
lower  fixed  wire.  A  voltaic  coil  60  millims.  long  and  7  millims.  internal 
'  diameter,  composed  of  four  layers  of  cotton  covered  with  stout  copper 
wire,  was  used  to  magnetize  the  iron  half  of  the  movable  wire,  and 
fixed  by  means  of  a  separate  support  in  a  proper  vertical  position  before- 
hand, so  as  to  enclose  in  its  axis  the  iron  wire  portion  only.  The  little 
cups  were  also  each,  half  filled  with  a  minute  globule  of  mercury  before 
putting  the  movable  wire  into  its  place. 

After  adjusting  the  wire  so  as  to  make  rotation  easy,  a  current  from 
6  Grove's  elements  of  one-pint  capacity  arranged  as  a  series  of  6,  also 
as  a  double  series  of  3,  was  passed  through  the  coil  and  vertical  wires, 
and  the  direction  of  the  portion  of  the  current  in  the  coil  alone,  also  in 
the  vertical  wires  alode,  was  varied ;  but  notwithstanding  that  plenty  of 
current  passed,  no  signs  of  rotation  could  be  detected.  These  results, 
therefore,  strongly  support  the  opinion  that  the  rotation  in  the  ex- 
periments was  due  to  the  action  of  the  portions  of  the  current  in  the 
cups  of  mercury.] 
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II.  ''  On  the  Development  of  Lepas  fascicularis  and  the  '  Archi-- 

zo'ea  *  of  Cirripedia/*    By  R.  von  Willemoes-Suhm^  Ph.D., 

Naturalist  to  the  '  Challenger'  Expedition.      Communicated 

by  Prof.  C»  Wtvillb  Thomson^  F.R.S.    Received  September 

28, 1875- 

(Abstract.) 

The  materials  for  this  paper  were  obtained  during  the  '  Challenger's ' 
cruise  from  Japan  to  the  Sandwich  Islands  in  35°  lat.  N.,  when  very 
curious  Naupliif  some  of  them  12  millims.  long,  were  caught,  which  were 
identified  at  once  as  belonging  to  the  nauplial  form  to  which  Dohm  has 
given  the  generic  name  of  *^  Archizoea.*'  In  the  daytime  these  larvsd 
were  scarcer,  but  at  night  so  common  that  large  bottles  could  be  filled 
with  them.  The  question  (which  had  been  left  open  by  Dohm)  to  which 
cirriped  these  extraordinary  Nauplii  might  belong  was  solved  when 
large  quantities  of  Lepas  fascicularis  were  seen  passing  the  ship  for  more 
than  a  week.  It  was  then  possible  to  keep  these  barnacles  alive  and  to 
bring  up  in  our  globes  such  stages  of  the  huge  Nauplii  as  had  also  been 
taken  on  the  surface.  Then,  again,  when  catching  the  surface-animals, 
foee-swimming  pupsd  were  found,  which  were  seen  to  settle  on  dead 
VtUUm  and  assiune  the  form  of  Lepa^  fascicularisy  so  that  the  whole 
development  of  this  species  could  be  worked  out. 

Seasons  are  given  why  this  barnacle  belongs  to  the  species  Lepas 
fascieularia ;  and  a  description  is  given  of  some  parts  of  the  mouth,  which 
slightly  differ  from  those  described  by  Darwin  in  the  same  species. 

L  Development  of  tTu  egg  and  of  the  yotmgest  Nauplius. 

The  conclusions  to  which  an  investigation  into  the  development  of  the 
ovum,  and  into  the  changes  which  occur  in  it  after  its  formation  up  to 
the  time  when  the  Nauplius  comes  out,  has  led  are  the  following : — 

1.  The  youngest  eggs,  seen  in  the  caeca  of  the  ovarian  tubes,  are 
transparent  cells  with  nucleus  and  nucleolus. 

2.  The  germinal  vesicle,  as  well  as  the  ovum,  grows  by  taking  up 
elements  of  yelk. 

3.  All  the  ova  found  in  the  ovary  of  a  barnacle  are  in  the  same  stage 
of  development.  When  mature  ova  are  to  be  seen  in  the  tube,  small 
undeveloped  ova  may  be  seen  here  and  there  in  the  caeca,  which  act  very 
likely  as  mother  cells  for  further  breeding-purposes. 

4.  The  spermatozoa,  when  fully  developed,  are  simple  hair-like 
filaments. 

5.  The  mature  ovum,  as  contained  in  the  breeding-lamellae,  shows  no 
trace  of  the  vesicula  germinalis  nor  of  its  nucleolus.  Some  highly  re- 
fractive granules  may  be  seen  here  and  there  among  the  yelk-globules. 
The  ovum  is  oval  in  form. 

6.  The  segmentation  is  veiy  irregular,  but  seems  to  be  complete. 
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7.  Ab  soon  as  the  segmentation  begins,  large  transparent  cells  are  seen 
separating  themselves  from  the  jelk-globules,  and  increasing  in  nimiber 
as  the  segmentation  goes  on. 

8.  These  cells  form  a  blastoderm  round  the  yelk.  No  primitive  streak 
could  be  seen ;  but  its  presence  is  not  denied,  as  the  object  is  not  favour- 
able for  these  observations. 

9.  The  blastoderm  loses  its  cellular  structure  and  gives  way  to  a 
granular  skin.  On  both  sides  of  a  longitudinal  groove  three  pairs  of 
appendages  begin  to  be  visible. 

10.  The  test  of  the  ovum  extends  as  the  embryo  develops.  The  latter 
is  very  likely  still  enveloped  by  a  thin  blastodermic  cuticle,  which  is 
clearly  visible  at  the  ends  of  tail  and  antennsD,  when  it  comes  out. 

11.  The  development  of  the  Nawplius  in  the  ovum  of  this  Lepats  shows 
very  much  the  same  stages  as  those  described  by  Buchholz  in  Balanus 
imjprovisus. 

n.  TJu  Nauplius  stages. 

1.  The  Nauplius  of  Li^pas  fascioularis  has,  when  leaving  the  egg,  a 
length  of  0*35  millim.  It  moults  at  least  five  times,  and  has  before 
throwing  off  for  the  last  time  the  Nauplial  appendages  a  length  of 
12  millims. 

2.  The  first  stage  of  the  Nauplius  has  been  seen  by  Darwin,  who 
describes  it,  and  also  by  Burmeister. 

3.  After  the  first  two  moults  the  Nauplitcs  gets  a  large  dorsal  spine 
and  enters  a  series  of  stages,  one  of  which  has  been  described  in  another 
Lepas  by  Dohrn  as  Archizoea  gigas, 

4.  Seasons  are  given  why  Archizoea  gigas  is  nearly  certain  to  be 
the  Nauplius  of  Lepas  australisy  a  species  closely  aUied  to  Lepas  fasci- 
cularis,  and  representing  it  south  of  the  equator.  Archizoea  gigas  was 
caught,  together  with  the  large  Cyprides  of  Lepas  atutralis^  during  the 
*  Challenger's '  antarctic  cruise. 

5.  The  tail  and  the  caudal  spine  of  the  newly  hatched  Nauplius  are 
pushed  in  like  the  tubes  of  a  telescope,  and  covered  by  a  thin  cuticle, 
which  may  be  the  blastodermic  one.  The  same  envelops  also  the  lateral 
horns,  but  has  not  been  seen  at  the  end  of  the  appendages.  The 
carapax  is  as  yet  quite  smooth,  with  the  lateral  horns  hanging  down. 

6.  After  the  first  moult  the  tail  and  its  spines,  which  have  been  pushed 
out,  have  a  considerable  length,  and  the  lateral  horns  are  erected.  Only 
a  single  pair  of  small  spines  is  to  be  seen  on  the  carapax.  The  glands 
inside  are  unicellular. 

7.  The  Nauplius  after  the  second  moult  has,  besides  the  dorsal  spine, 
a  series  of  processes  all  round  the  edges  of  the  carapax,  to  which  the 
unicellular  glands  send  their  ducts.  Besides  the  oesophagus,  two  glands, 
which  formerly  were  indicated  by  an  agglomeration  of  cells,  become 
visible.     These  glands  are  very  likely  those  which,  in  the  Cypris  stage, 


Digiti 


zed  by  Google 


1875.]  Development  of  Cirripedia.  131 

terminate  m  the  sucker  of  the  antennad,  and  are  known  under  the  name 
of  oement-glands.  Mouth  and  anus  are  present.  One  pair  of  movable 
spines  on  the  tail.     First  "  Archizoea  stage." 

8.  Length  of  Naupliua  in  the  fourth  stage  6  millims.  Three  or  four 
movable  spines  on  the  tail,  with  the  six  of  the  next  stage  shining  through 
the  chitinous  coverings.  The  glands  of  the  carapax  are  in  connexion 
with  nerves,  and  present  a  large  network.  No  nerve-terminations  on 
the  lateral  horns  nor  on  the  feelers.  All  the  processes  of  the  carapax, 
as  well  as  the  lateral  horns,  have  openings  at  the  top  for  letting  out  the 
secretions  of  the  glands. 

9.  Length  of  Nauplius  in  the  fifth  and  last  stage  12  millims.  Six 
movable  spines  on  the  tail. 

Large  masses  of  fat  are  assembling  in  the  carapax,  and  the  Cypris- 
shell  is  forming  underneath  it.  The  first  pair  of  appendages  develops 
inside  the  antenns  of  the  Cypris,  the  sucker  being  formed  in  the  fourth 
joint,  the  second  of  the  future  antenna.  Large  compound  eyes  become 
visible  on  both  sides  of  the  central  eye. 

10.  The  carapax  of  the  Nauplius  has  now  a  diameter  of  2  millims. 
The  appendages  are  very  much  like  those  of  Archizoea  gigas,  in  which 
Dohm,  however,  has  taken  the  third  pair  of  appendages  for  the  second, 
and  the  second  for  the  third. 

11.  A  specimen  of  the  supposed  larva  of  Lepcu  australis  (Dohm's 
Archizoea  gigas)  is  figured  in  the  stage  just  before  the  metamorphosis 
into  the  Cypris  stage  takes  place ;  the  two  large  compound  eyes  have 
already  developed. 

III.  The  Cypris  or  pupa  stage. 

1.  The  Cypris  of  the  Atlantic,  CfascieulariSy  has  been  already  described 
by  Glaus,  who  has  established  the  homology  of  its  parts  with^  the 
Gopepods. 

2.  Darwin  has  described  the  very  large  Cypris  of  Lq>as  australis 
(length  8  millims.),  which  is  in  every  way  similar  to  that  of  the  present 
species — a  further  proof  of  the  probability  of  the  suggestion  that  Dohm*s 
large  Nawplii  are  the  larvsd  of  that  species. 

3.  Our  Cypris  has  a  length  of  1*3  millim. 

4.  A  description  is  given  of  the  antennie  with  the  suckers  and  their 
glands,  the  development  of  which  from  the  glands  in  the  labrum  has  been 
mentioned  already.  The  parts  of  the  mouth  (small  labrum  and  three 
pairs  of  maxillm  and  maxillipeds)  and  the  natatory  feet,  as  well  as  the 
caudal  appendages  with  the  anus  at  their  base,  are  figured  and  described. 
The  organs  of  sense,  the  digestive  organs,  and  the  shell-gland,  which  is 
now  very  conspicuous,  offer  scarcely  any  thing  that  has  not  been  seen 
already  by  Darwin  and  Claus  in  the  Cyprides  of  the  different  species  of 
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IV.  TTie  metamorphosis  of  the  Cypris  into  the  young  Lepas. 

1.  The  pupsB  are  chiefly  caught  at  the  very  surface  of  the  sea,  where 
they  swarm  round  the  dead  VeUlUx^  on  which  they  settle.  They  rarely 
take- to  a  colony  of  old  barnacles. 

2.  Soon  after  settling  the  new  cirri  are  formed  underneath  the  nata- 
tory feet,  the  head  grows  out,  the  eyes  are  absorbed,  and  under  the 
C/jrprw-shell  the  primordial  valves  of  the  young  Ltpas  appear,  which 
persist  during  its  whole  life.  The  Oypm-shell,  with  the  old  natatory 
feet,  is  then  thrown  off. 

3.  The  young  Lepas  begins  to  form  the  complete  shell,  and  fastens 
itself  more  and  more  by  the  copious  secretions  of  its  glands,  which  run 
through  the  outdrawn  and  enlarged  head  into  the  fixing-antennse. 

4.  The  cirri  of  the  young  Lepas  develop  a  larger  number  of  joints,  the 
shell  begins  to  lose  its  transparency,  the  body  inside  turns  over  a  Httle, 
as  has  been  described  by  Darwin,  and  the  young  L^as  is  complete. 

Concl^Asion. 

1.  As  the  young  stages  of  the  Lepadida  are  pelagic,  it  is  only 
possible  to  work  out  their  development  at  sea,  and  there  at  certain 
seasons.  We  found  only  onee  before  the  large  Nauplii  of  L^^  australis. 
The  development  of  no  one  of  the  LepadidsB  has  hitherto  been  known  in 
full;  and  it  seems  that  even  the  adult  larvas  of  our  commonest  barnacles, 
such  as  L.  anatifera  and  L.  aserifera,  are  as  yet  unknown. 

2.  The  Nauplius  stages  of  Lepas  fasdctUaris  have  not  a  different 
morphological  value  from  those  of  Balanus  and  other  genera ;  theref oie 
there  is  no  reason  for  giving  to  this  stage  a  particular  name.  The  term 
^^Archizoea"  may  remain  as  a  remembrance  of  Dohm's  interesting 
discovery,  but  cannot  be  appHed  to  the  larv®  of  other  Lepadid». 

H.M.S.  *  Challenger/  Honolulu, 
July  28,  1875. 


HI.  "  Preliminary  Remarks  on  the  Development  of  some  Pelagic 
Decapods.^'  By  R.  von  Willbmobs-Suhm,  Ph.D.,  Naturalist 
to  the  '  Challenger  *  Expedition.  Communicated  by  Prof.  C. 
Wyvillb  Thomson,  F.R.S.    Received  September  28, 1875. 

Since  we  left  Australia  I  have  investigated  the  metamorphoses  of  some 
Crustacea  which  have  been  constantly  caught  by  us  on  the  surface  of 
the  tropical  and  subtropical  parts  of  the  Pacific.  Though  these  investi- 
gations will  be  continued,  I  have  now  arrived  at  certain  results  which  I 
think  will  not  be  uninteresting  to  zoologists.  The  genera  to  which 
these  remarks  refer  are  Amphion,  Sergestes,  and  Leudfer, 

Amphion  Beynaudi  has  been  on  our  lists  as  an  animal  "  incertcB  sedis  " 
(Milne-Edwards)  for  nearly  forty  years,  until  Dohm  proved  that  a  full- 
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grown  specimen  of  it,  which  he  dissected,  was  in  possession  of  branchiss 
and  of  an  ovary,  therefore  no  doubt  a  manure  form.  He  also  described 
one  of  its  young  stages,  which  has  the  number  of  appendages  of  a  2heaj 
but  in  which  caudal  appendages  are  abeady  developed. 

On  our  voyages  in  the  '  Challenger  *  we  have  caught  several  specimens 
of  Amphion  and  of  its  larv89 ;  and  I  am  now  able  to  produce  drawings, 
not  only  of  the  true  Zoea  with  a  simple  telson,  but  also  of  all  the  inter* 
mediate  stages  between  it  and  the  adult  form  with  two,  three,  four,  five, 
and  six  pairs  of  walking-legs.  Of  the  full-grown  Amphian  1  have  ex- 
amined three  specimens,  two  of  which  are  undoubtedly  males,  as  the 
testes  (and  the  branchise)  were  plainly  visible,  the  former  opening  into 
the  last  pair  of  legs. 

There  is  now  no  doubt  that  Amphian  is  not  a  larva,  nay,  even  that 
there  are  several  species  and  perhaps  genera  of  this  remarkable  form. 
We  have  caught  two  very  interesting  mature  animals  which  are  certainly 
closely  aUied  to  Amphion.  One  of  these  has  enormously  long  eye-stalks, 
which,  having  a  length  of  7  millims.,  are  just  as  long  as  the  whole 
animal's  body.  Another  form  has  got  very  long  eyo-stalks  too,  but  is 
especially  remarkable  for  the  antepenultimate  joints  of  its  pereiopods, 
being  large  paddle-shaped  organs,  terminated  by  a  very  small  end-joint. 
Both  have  got,  like  Amphion,  a  central  (Nauplial)  eye  and  eight  pairs  of 
branched  legs ;  but  their  body  is  more  Serge8tes»]^e  and  less  flat  than 
that  of  Amphion,  They  certainly  belong  both  to  the  same  genus,  and 
may  be  called  Amphiones  until  more  than  one  specimen  of  each  has  been 
obtained. 

To  me  these  Amphionids  are  especially  interesting,  as  I  can  compare 
them  with  the  larvs  of  8erge$tes  and  Leucifer,  the  former  of  which  have 
also  got  eight  pairs  of  branched  legs  and  the  central  eye  which  persists 
in  the  Amphionido.  There  are  good  reasons  for  the  statement  that  the 
larvs  of  Leucifer  and  Strguta  pass  through  an  Amphion  stage;  and  this, 
it  seems  to  me,  throws  a  good  deal  of  light  on  the  relations  and  systema- 
tical position  of  Amphion  itself. 

Dohm,  to  whom  we  owe  so  many  fine  discoveries  concerning  the 
pelagic  Crustacea,  has  described  *,  under  the  name  of  ElapTioearis,  a  small 
and  very  spiny  Zoea  caught  in  the  harbour  of  Messina.  He  calls  it  the 
larva  of  a  Decapod  without  fixing  its  position.  This  small  larva  was 
often  seen  by  me  in  the  Atlantic ;  but  1  only  lately  found  out  that 
Elaphocaris  is  the  larva  of  a  species,  or  rather  of  some  species,  of  Sergestts. 
There  is,  however,  one  species  of  this  genus  in  which  the  Zoea  is  not  an 
Elaphoearis,  but  a  larger,  less  spiny  form,  similar,  however,  in  all  other 
respects  to  the  former.  Of  the  species  which  develops  with  an  Elapho' 
caris  stage  in  the  Western  Pacific,  I  have  collected  numerous  specimens 
of  all  the  stages,  from  the  youngest  Zoeas  up  to  the  mature  animal.    The 

*  y.  ffiebold  and  KoIUker,  Zeitaohrift  fUr  wiflgenschaftliche  Zoologioi  Band  zz. 
p.  662,  Ub.  31.  fig.  2a 
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mode  of  development  is  yery  simple.  After  the  first  moulting  the  larra 
gets  six  more  branched  legs  and  loses  many  spines.  It  enters  the 
Amphion  stage,  then  moults,  throws  the  branched  legs  off,  gets  branchial, 
and  becomes  a  young  Sergestes,  Only  after  this  last  moulting  the  central 
eye,  hitherto  present,  disappears. 

And  very  similar  to  that  of  Sergestes  is  the  development  of  Leucifer. 
Here  the  earliest  Zoea  of  a  species  from  the  Western  Pacific  has  got  at 
first  no  eyes,  then  sessile  ones  come  out,  and  the  animal  then  presents 
the  form  which  Dana  has  called  Erichihina  demissa,  and  which  Glaus 
suspected  to  be  not  a  Stomatopod  but  a  Schizopod  larva.  After  the 
second  moulting  this  Erichthina  gets  stalked  eyes  and  very  long  sets  on 
all  its  appendages,  becoming  a  rather  long,  very  delicate  Zoea.  It  now 
enters  the  Amphi(m  stage,  but  never  gets  more  than  four  pairs  of  pereio- 
pods,  and  loses  another  pair  of  these  when  it  moults  for  the  youngest 
Lenidfer  stage,  in  which  two  pairs  of  pereiopods  are  absent. 

The  next  question,  after  having  found  this  out,  was,  of  course,  whether 
Amphion^  Sergestes,  and  Leudfer  leave  the  egg  as  a  Zoea,  or  whether 
there  is  a  preceding  Nawplius  stage.  My  own  impression  is  that  in  the 
two  first-named  genera  this  is  not  the  case,  as  the  youngest  Zoeas  which 
I  caught  had  all  the  same  size,  and  as  none  of  them  was  without  the 
large  lateral  stalked  eyes.  As  for  Leadfer,  the  question  appears  to  me 
to  be  doubtful ;  for  it  is,  from  what  I  have  seen,  quite  possible  that  my 
youngest  Zoea,  which  has  only  got  a  central  eye,  may  be  preceded  by  a 
NavpUus.  Of  course  the  simplest  thing  would  be  to  get  the  eggs ;  but 
there  is  the  difficulty,  for  Amphion  is  caught  very  rarely,  and  has  never 
been  obtained  at  any  other  time  but  between  8  and  12  p.m.,  when  it  is 
extremely  difficult  by  lamplight  to  £[nd  out  the  youngest  stages.  Sergestes 
]arv89  are  commoner,  appearing  also  in  the  daytime,  and  Leueifer  is 
sometimes  caught  in  abundance.  I  hope,  therefore,  that  I  shall  succeed 
in  completing  my  researches  about  this  question,  especially  as  far  as  the 
two  latter  genera  are  concerned. 

H.M.S.  '  Challenger/  Honolulu,  Sandwich  Islands, 
July  80, 1876. 


December  16,  1875. 

Dr.  J.  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 
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I.  ''  On  the  Development  of  the  Spinal  Nerves  in  Elasmobranch 
Fishes/'  By  F.  M.  Balfour,  B.A.,  F.L.S.,  Fellow  of  Trinity 
College,  Cambridge.  Communicated  by  Dr.  Michael  Foster, 
F.R.S.,  Praelector  in  Physiology  in  Trinity  College,  Cam- 
bridge.   Received  October  5,  1875. 

(Abstract.) 

The  author  commences  by  stating  that  the  observations  recorded  in  his 
paper  have  been  made  upon  the  three  following  genera  of  Elasmobranchs 
— ScyUium^  PristiurtLS,  and  Torpedo. 

The  majority  of  his  observations  were  made  upon  specimens  procured 
for  him  through  the  agency  of  the  Zoological  Station  at  Naples ;  but  he  has 
also  been  supplied  in  a  most  liberal  manner  with  Scyllium  embryos  by 
the  Directors  of  the  Brighton  Aquarium,  through  the  kindness  of  Mr. 
Henry  Lee.  He  finds  that  Torpedo  embryos  are  by  far  more  suitable  than 
any  other  genera  he  has  employed  for  the  inyestigatioQ  of  the  development 
of  the  nerves. 

The  author  then  gives  a  detailed  accomit  of  his  observations  upon  the 
development  of  the  spinal  nerves  in  all  the  genera  above  mentioned.  The 
following  are  the  chief  results  at  which  he  has  arrived. 

The  posterior  and  anterior  roots  of  the  spinal  nerves  arise  as  inde- 
pendent outgrowths  from  the  involuted  epiblast  of  the  neural  canal. 

The  outgrowths  for  the  two  roots  are  at  first  quite  independent  of  each 
other,  and  only  unite  at  a  late  period  of  development. 

The  posterior  roots  are  the  first  to  develop.  An  outgrowth  arises  on 
each  side  from  the  dorsal  summit  of  the  neural  canal,  which  the  author 
believes  to  be  unbroken  throughout  its  whole  length.  The  outgrowths 
on  the  two  sides  are  at  first  in  contact  with  each  other ;  and  from  each 
there  springs  a  series  of  processes  equal  in  number  to  the  muscle-plates. 

These  processes  are  the  rudiments  of  the  posterior  nerve-roots.  They 
grow  ventralwards  in  contact  with  the  side  of  the  spinal  cord. 

After  the  formation  of  the  posterior  rudiments,  the  original  outgrowths 
from  the  spinal  cord  cease  to  be  attached  to  it  along  its  whole  length,  and 
remain  in  connexion  with  it  at  a  series  of  points  only,  each  of  which  cor- 
responds to  a  posterior  root. 

The  result  of  these  changes  is  the  formation  of  a  series  of  nerve-roots, 
each  attached  to  the  dorsal  summit  of  the  neural  canal,  and  all  of  them 
united  together  dorsally  by  a  continuous  commissive,  which  is  the  rem- 
nant of  the  primitive  outg^wth  from  the  summit  of  the  neural  canal. 

Subsequently  the  points  of  attachment  of  the  posterior  roots  travel 
down  the  sides  of  the  spinal  cord,  and  finally  remain  fixed  at  about  one 
third  of  the  distance  from  its  dorsal  summit.  At  the  same  time  the  nerve- 
rudiments  undergo  histological  changes,  by  which  each  becomes  divided 
into  a  root,  a  ganglion,  and  a  nerve. 
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At  a  still  later  period  the  nerve  given  off  from  the  ganglion  unites  with 
the  anterior  nerve-root. 

The  development  of  the  anterior  nerve-roots  is  far  simpler  than  that  of 
the  posterior. 

Some  little  time  after  the  appearance  of  the  posterior  roots  there  spring, 
on  each  side,  from  the  ventral  comer  of  the  spinal  cord,  a  series  of  conical 
outgrowths.  These  correspond  in  number  with  the  muscle-plates,  and  are 
the  rudiments  of  the  anterior  roots  of  the  spinal  nerves. 

These  outgrowths  are  not  vertically  below  the  posterior  roots,  a  feature 
which  remains  permanent  in  the  adult. 

The  points  of  attachmeut  of  the  anterior  roots  undergo  no  change  of 
position  like  those  of  the  posterior  roots ;  and  after  thej  have  attained  a 
considerable  size  they  unite  with  the  latter. 

The  author  has  also  observed  that  the  posterior  roots  of  some  and  pro- 
bably of  all  the  cranial  nerves  develop  in  the  same  way  as  the  posterior 
roots  of  the  spinal  nerves,  and  points  out  the  bearing  of  this  upon  the 
morphological  relations  between  the  spinal  and  cranial  nerves. 

The  remainder  of  the  paper  consists  of  a  series  of  speculations  upon 
the  bearing  of  the  above-mentioned  facts  upon  various  physiological  and 
morphological  problems.  These,  for  the  most  part,  do  not  admit  of  being 
abstracted. 

One  point  the  author  mentions  is  the  probable  homology  of  the  commis- 
sure he  has  detected  uniting  the  dorsal  ends  of  the  posterior  nerve-roots 
with  the  commissure  he  has  described  in  a  previous  paper  ("A  preliminary 
Account  of  the  Development  of  the  EUsmobranch  Fishes,"  Quart.  Joum. 
of  Micros.  Science,  October  1874,  plate  15.  fig.  14),  which  at  first  unites  all 
the  branches  of  the  vagus  nerve,  and  which  is  subsequently  represented  by 
their  common  junction  before  uniting  with  the  medulla  oblongata. 

II.  "On  the  Structure  and  Development  of  the  Skull  in  the 
Batrachia.''— Part  II.  By  W.  K.  Parker,  P.R.S.  Received 
October  28, 1875. 

(Abstract.) 

In  the  present  communication  I  wish  to  correct,  as  much  as  possible, 
what  now  seems  to  be  erroneous  in  my  former  account  of  the  Batrachian 
skull  (that  of  the  frog,  Phil.  Trans.  1871),  and  also  to  describe  and 
illustrate  the  stages  in  the  skulls  of  three  kinds  of  toads. 

Happily  for  me,  Professor  Huxley  took  up  this  subject  at  the  begin- 
ning of  last  year;  and  I  had  frequent  opportunities  of  working,  as 
well  as  for  discussion,  with  him. 

It  was  soon  made  plain  to  me  that  in  my  former  account  of  the 
behaviour  of  the  visceral  arches  I  had  been  wroug  in  describing  the 
hyoid  arch  of  the  third  stage  as  composed  of  an  upper  and  a  lower 
piece. 
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The  ftiippoBed  tipper  piece  was  merely  the  outer  edge  of  the  arch  in 
front,  the  mandibular  areh ;  and  therefore  all  reasonings  upon  the  meta- 
morphosis, afterwards,  of  such  a  coalesced  segment  fall  to  the  ground. 

Professor  Huxley  showed  me,  and  my  new  researches  told  the  same 
tale,  that  the  hyoid  arch  does  not  coalesce  at  all  with  the  mandibular ; 
that  the  "  columella,"  whether  answering  to  the  "  hyomandibular"  of  a 
fish  or  not,  has  no  existence  as  cartDage,  even  in  young  frogs  and  toads 
that  have  taken  to  land  life ;  afterwards,  when  they  are  one  third  larger, 
this  cartilage  appears. 

Professor  Huxley,  and  my  own  observations  agree  with  his,  also 
showed  me  that  the  stajpes  is  not  formed  by  the  separation  of  a  plate  of 
already  formed  cartilage,  but  chondrifies  later  than  the  auditory  sac  and 
much  earlier  than  the  columella :  in  the  TJrodela  it  is  formed  by  the  seg- 
menting off  of  a  flap  of  the  chondrified  capsule.  Our  mutual  researches, 
after  these  errors  were  made  evident  to  me,  gradually  brought  us  iuto 
greater  harmony  in  our  interpretation ;  and  the  working  out  by  Professor 
Huxley  of  Menohranchus,  and  by  myself  of  others  of  the  TJrodela,  has 
been  of  great  service  in  making  clear  the  meaning  of  the  more  complex 
skull  of  the  Anura, 

Being  well  provided  with  materials  for  working  at  the  common 
toad's  skull,  and,  through  the  kindness  of  friends*,  for  various  stages  of 
the  two  **  aglossal"  toads,  namely  Dactylethra  and  Pipa,  it  came  to  pass 
that  I  was  in  a  good  position  for  searching  out  this  subject  further,  with 
new  light  and  new  material. 

Moreover  these  are  not  the  only  types  of  the  Batrachia  that^ave  more 
recently  engaged  my  attention ;  but  the  great  bull-frog  and  the  paradox- 
ical frog  have  also  had  various  stages  of  their  skulls  laboured  at  by  me. 
These  would,  have  swelled  my  paper  to  too  great  a  size ;  I  hope  to  offer 
them  when  the  tree-frogs,  Bomhinator  toads,  and  other  kinds  have  been 
studied. 

In  this  paper  I  have  given,  first  of  all,  correcter  figures  of  the  nasal 
labyrinth  of  the  adult  frog.  Before  my  former  paper  was  in  print  I  had 
seen  that  in  the  bull-frog  the  "  trabecular  comua''  kept  their  distinctness 
on  the  front  nasal  wall.  Professor  Huxley  has  discovered  rhinal  processes 
in  Bana  eseulenta  and  in  Sana  temporaria.  He  also  showed  me  a  distinct 
nucleus  of  cartilage  in  front  of  the  nasal  sac.  There  are  two  such  carti- 
lages on  each  side,  as  I  soon  found,  the  modified  and  subdivided  "  upper 
labials ;"  these  are  shown  in  the  new  figures. 

By  comparison  of  the  skull  of  the  Anura  with  that  of  the  tailed  Am- 
phibia, a  better  idea  can  be  had  of  the  relations  of  the  mandibular  pier 

♦  I  am  indebted  to  Professor  Huxley  for  adult  skulls  of  JOaefylethra  and  Pkjpa ;  to 
Br.  Dobeon,  RL.S.,  of  NeUey,  for  another  adult  Dactylethra ;  to  Mr.  T.  J.  Moore,  of  the 
Lirerpool  Free  library  and  Museum,  for  four  stages  of  the  larval  Dactylethra ;  to  Dr. 
Gunther,  P.B.8.,  for  embryos  of  ^jpa\  and  to  Professor  W.  H.  Flower,  F.B.S.,  for 
ripe  young  of  the  same. 
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with  the  auditory  capsule :  newer  and  more  correct  names  of  the  attaching 
processes  of  the  "  suspensorium  "  are  here  given,  in  accordance  with  the 
nomenclature  adopted  by  Professor  Huxley  in  his  memoir  on  Meno^ 
hranchus  (Proc.  Zool.  Soc.  1874,  p.  186). 

Por  instance,  the  band  which  connects  the  mandibular  arch  primarily 
with  the  trabecular  is  now  called  the  "  pedicle,"  and  the  secondary  pro- 
cess which  binds  on  the  ear-sac  is  the  "otic  process."  There  is  no 
"  ascending  process  "  over  the  orbito-nasal  nerve,  as  in  the  salamandrian 
forms ;  and  the  apex  of  the  pedicle  losing  its  distinctness,  its  lower  part 
forms  a  condyle  which  articulates  with  the  outer  face  of  the  auditory 
mass  below. 

The  apparent  distinctness  of  this  part  in  the  young  frog  kept  up  the 
illusion  as  to  its  being  a  part  borrowed  from  the  next  arch.  It  was  called 
by  me  the  "  infra-hyomandibular." 

The  cartilage  which  I  erroneously  supposed  to  be  the  rudiment  of  the 
"  columella  "  lies  over  the  portio  dura  nerve ;  it  was  called  by  me  the 
**  supra-hyomandibular."  It  is  in  reality  the  rudiment  of  the  cartilagi- 
nous ear-ring. 

All  this,  thanks  largely  to  my  friend  and  fellow  worker,  is  made 
plain  now. 

In  frogs  it  is  not  quite  easy  to  recognize  the  supero-anterior  element 
of  the  double  hyoid  arch  of  osseous  fishes  in  the  columella ;  in  toads  it  is 
easier. 

In  the  frog  a  small  cartilaginous  segment  is  cut  off  from  the  proximal 
end  of  the  shaft  of  the  columella,  and  lies  between  it  and  the  stapes.  In 
toads  the  proximal  element  is  the  longer  of  the  two,  and  is  distinguished 
by  being  ossified  separately,  and  not  by  subdivision  of  the  cartilage. 

Hence  it  is  not  a  wild  supposition  that  the  proximal  shaft-bone  may 
be  the  "  hyomandibular  "  and  the  distal  the  "  symplectic,"  its  unossified 
end  being  dilated  as  the  *^  extrastapedial." 

In  osseous  fishes  we  have  this  supero-anterior  bar  in  the  hyoid  region 
ossified  by  two  centres,  but  no  stapes ;  in  the  Urodela  the  stapes, 
but,  as  a  rule,  no  supero-anterior  bar ;  in  toads  we  have  both,  whilst  in 
frogs  the  apex  of  the  upper  pier  is  a  free  nucleus  of  cartilage. 

The  primordial  cartilaginous  skull  of  the  common  toad  is  here  worked 
out,  the  subjects  being  tadpoles  only  one  third  of  an  inch  in  length ; 
their  black  colour  and  granular  texture  made  them  most  difficult  ob- 
jects to  interpret,  and  cost  me  much  anxious  labour. 

Then  in  a  series  of  stages  comparable  with  those  of  the  common  frog 
I  have  traced  the  metamorphosis  of  the  facial  arches,  so  that  the  skull  of 
the  two  common  kinds  of  Batrachia  will  now  be  intelligible. 

In  the  tadpole  of  Dactyleihra  there  is  much  that  is  new  and  strange ; 
there  are  neither  suctorial  mouth  nor  homy  jaws.  The  upper  labial 
forms  the  edge  of  a  broad  mouth  with  an  wnderhung  lower  jaw,  the 
head  being  extremely  depressed,  as  in  certain  siluroids  and  in  the  frog- 
fish  {Lophius). 
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The  labial  **  tape"  coalesces  with  the  trabeculsB,  and  is  continued  on 
each  side  as  a  long  cartilaginous  string,  which  forms  the  pith  of  a  ten- 
tacle which  reaches  as  far  as  the  end  of  the  abdomen. 

The  branchial  orifices  are  both  open  right  and  left  (not  the  left  only, 
as  in  the  common  kinds),  and  the  fore  limbs  show  their  rudiments  otUside 
the  opercular  fold. 

All  the  details  of  this,  the  flattest  and  most  foliaceous  of  all  chondro- 
cronia  described,  are  of  the  utmost  interest,  but  cannot  be  described 
here. 

In  this  type  young  toads  with  four  large  legs  have  no  trace  of  a 
cartilaginous  *'  columella  ;**  and  yet  in  the  adult  that  structure  is  by  far 
the  largest  I  have  yet  seen,  the  *'  extrastapedial "  itself  being  shaped 
like  a  waterlily-leaf,  and  is  relatively  of  the  size  of  the  whole  auditory 
ring  of  the  bull-frog. 

This  species  has  only  one  vomer  and  no  bony  palatines ;  its  original 
labial  band  forms  a  pair  of  nasal  pouches,  and  it  acquires /our  more  pairs 
of  these  cartilages  above  and  loses  the  lower  pair. 

Dactyldhra  has  the  upper  element  of  the  "  girdle-bone  "  a  "  super- 
ethmoidal "  plate ;  but  the  ossification  of  the  chondrocranium  itself  is  not 
in  the  ethmoidal  but  in  the  sphenoidal  region.  The  huge  tympano- 
Eustachian  vaults  open  by  one  orifice  in  the  pharynx;  its  "interhyal*' 
is  a  ligament  attached  in  the  normal  position ;  it  has  two  true  tympanic 
hones  on  each  side  (like  those  of  certain  birds),  besides  the  large  carti- 
laginous anntdusj  and  its  squamosal  and  quadrate- jugal  are  more  like 
those  of  a  tortoise  than  of  an  ordinary  Batrachian. 

Its  quadrate  bone  is  ossified,  as  in  Ganoid  and  Teleostean  fishes  and 
tailed  Amphibia. 

But  the  Surinam  toad  (Pipa  monsirosa)  is  a  rarer  creature  than  even 
Daetylethra,  with  which  it  agrees  in  being  tongueless. 

The  embryo  is  wound  like  a  tape  round  the  large  yelk-mass ;  it  has  a 
gaping  broad  mouth,  with  neither  labial  cartilages,  nor  homy  jaws,  nor 
"  claspers."  It  has  very  small  opercula,  which  do  not  cover  the  very 
early  formed  limbs :  it  has  gill-arches  and  branchial  vessels ;  but  these 
are  not  branched,  for  there  are  no  gill-tufts  or  processes  that  I  can 
di8C0>'er. 

The  cartilaginous  skull  of  the  embryonic  Pipa  is  a  very  flat  leafy 
structure,  like  that  of  the  larval  Dactyldhra,  but  differing  from  it  in 
many  respects.  At  this  stage  ihe  fenestra  ovalis  is  forming,  but  there  is 
neither  stapes  nor  columella ;  at  this  time  there  is  a  large  "  cerato-hyal " 
in  the  usual  place  for  a  Batrachian  larva,  namely  articulated  to  the  man- 
dibular pier  not  far  above  the  condyle  of  the  quadrate. 

In  ripe  young  Pipes  the  metamorphosis  is  complete,  although  the 
shape  of  the  adult  skull  is  not  attained.  Ossification  is  already  res- 
tively nearly  perfect ;  three  pairs  of  labials  now  supplement  the  defici- 
encies of  the  nasal  capsule,  which  is  but  little  chondrified,  and  in  the 
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aodiioiy  region  the  occipital  arch  and  the  two  auditoiy  capsnles  are  one 
eontinaoiu  tract  of  bone. 

The  stapes  is  perfect,  and  so  is  the  columella  with  its  two  shaft-bones 
in  each  stem ;  its  extrastapedial  is  like  that  of  Dactylethra. 

The  mandible  is  perfect,  the  cerato-hjals  completely  ffone,  and  the 
branchials  are  metamorphosed  as  completely  (save  that  the  "  thjro-hjals" 
are  not  ossified)  as  in  the  adults  of  other  Batrachia. 

The  frontals  and  parietals  have  already  coalesced ;  in  front  there  are 
nasals,  preorbitals,  and  septo-maxiUaries,  a  pair  of  each ;  but  there  is  no 
vomer ;  there  is  a  pair  of  styloid  palatine  hones. 

The  premaxillaries  and  maxiUaries  lie  entirely  on  the  under  or  palatine 
surface ;  there  is  no  quadrate- jugal. 

In  the  adult  the  bones  are  yery  coarse,  fibrous,  and  with  strong  ridges 
and  deep  excavations,  as  in  certain  osseous  fishes.  There  is  no  *'  girdle- 
bone  ; "  the  quadrate  is  now  well  ossified,  and  so  is  Meckel's  cartilage, 
the  "  articulare*'  having  grafted  itself  upon  the  rod. 

In  neither  of  these  aglossal  toads  is  there  a  ^  mento-Meckelian"  bone 
'  formed  at  the  symphysis. 

In  the  adult  Pipa  the  "  occipito-otic"  masses  are  stretched  far  out  as 
large  bony  arms,  on  the  end  of  which  is  the  exquisite  tympanic  apparatus. 
Both  in  young  and  old  the  superoccipital  region  is  well  ossified  over  as  a 
complete  bony  arch,  and  now,  in  the  adult,  the  occipital  condyles  look 
outwards ;  the  basioccipital  region  is  a  narrow  synchondrosial  tract. 

These  are  some  of  the  most  noteworthy  things  in  Dactylethra  and  in 
Pipa.  The  common  toad  shows  most  important  differences  from  the 
oommon  frog ;  but  these  aglossal  types  are  rich  in  morphological  variation 
and  full  of  morphological  meaning. 

The  satisfaction  accruing  to  my  own  mind  from  the  working  out  of 
these  three  (as  well  as  other)  types  of  the  Batraqhian  skull  will  act  as  a 
strong  sthnulus  to  keep  me  a  few  years  longer  at  the  morphology  of  that 
group. 

As  the  attachment  of  the  mandibular  arch  to  the  skull  is  complex  and 
very  important,  I  venture  to  add  a  few  remarks  upon  it. 

On  ihe  "  Suspensoriwn  "  or  Pier  of  the  Mandibular  Arch  in  the  Amphibia 

generally* 

The  Amphibia  agree  with  three  groups  of  fishes  (namely,  the  '^Mar- 
sipobranchii,"  the  ChimsDroids,  and  the  "  Dipnoi ")  in  having  their  suspen- 
soriom  confluent  with  the  skull. 

The  simplest  form  of  such  a  confluence  has  been  shown  in  the  present 
paper  in  the  early  condition  of  ehondrocranium  of  the  common  toad, 
where  the  apex  or  dorsal  end  of  the  mandibular  arch,  during  chondri- 
fication,  unites  with  the  outer  side  of  the  trabecular  arch  near  its 
dorsal  end.  Afterwards,  in  the  same  type,  this  confluence  is  much 
more  complex. 
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For  a  longer  period  in  the  Urodela  the  sospensoriam  is  qtiite  separate 
from  the  trabecula ;  as  a  rule  it  soon  forms  ihr4e  attadunents ;  but  in 
this  group,  as  in  the  Anura,  it  never  unites  by  eonfiuenu  with  the  next 
or  hjoid  arch. 

Each  of  these  groups  has  its  typical  method  of  attaching  the  sospen- 
fiorium,  and  each  has  types  that  show  xemarkable  modifications. 

In  Membranchaa  and  Btma  (Huxiey,  loc.  eit,)  wo  hare  the  two  proper 
types  of  this  structure  in  the  adult. 

In  the  former,  the  Sauro-batrachian,  tiie  apex  of  the  mandibular  arch 
unites  with  the  trabecuU  near  its  apex  on  its  outside  by  a  process,  the 
**  pedicle,^  which  lies  beneath  the  trigeminal  nerre. 

A  second  or  "  ascending  "  process  mounts  over  part  of  that  nerve,  espe- 
cially arching  oyer  the  orbito-nasal  and  the  Vidian  branch  of  €he  facial  nerve, 
and  it  unites  with  the  top  of  the  al^pTienoidal  crmt  of  the  trabecula. 

A  third,  the  "  otac  process,"  grows  upwards  and  ba<^wards,  and  unites 
with  the  outside  of  the  auditory  capsule ;  it  is  pedate,  and  its  thick  end 
runs  in  front  of  the  ampulla  of  the  horizontal  canal. 

In  the  typical  adult  Batrachian  suspensorium  the  primary  umon  of 
the  apex  of  the  mandibular  pier  is  afterwards  lost,  this  part  beccxning 
mere  fibrous  tissue ;  but  the  lower  part  of  the  pedicle  grows  into  a  thick 
triangular  process  of  cartilage  with  its  base  upwards,  and  this  base 
becomes  the  "  condyle  of  the  pedicle  \"  it  articulates  with  t&e  side  of  the 
auditory  capsule  antero-inferiorly.  This  condyle  has  its  counterpart 
in  some  of  the  Urodela  as  a  swelling  of  the  pedicle  near  the  origin  of  the 
otic  process  below  (Huxley,  "  On  Menohranchw,"  plate  29.  fig.  2). 

In  the  adult  frog  the  suspensorium  is  united  by  a  gliding  joint  to  the 
auditory  capsule  below,  and  by  fusion  of  cartilage  above  and  behind. 

As  far  as  my  observations  go,  Siredon  agrees  with  Menobranehus ;  in 
Salamandra  the  swelling  answering  to  the  ^*  condyle  of  the  pedicle"  is 
very  small,  and  the  pedicle  is  suppressed.  In  the  lowest  type  also,  namely 
Proteus  an^inus,  the  ascending  process  only  is  present,  and  the  otic  pro- 
cess is  small.  Some  of  the  Batrachia  differ  from  the  frog  in  having 
the  lower  part  of  the  "  pedicle"  greatly  enlarged  at  first,  but  very  small 
afterwards,  forming  a  very  small  condyloid  part ;  whilst  the  apex  is  not 
absorbed,  but  unites  with  the  auditory  capsule.  This  is  seen  in  Bufo 
vidgaris. 

Moreover  in  that  type  and  in  Dactyhihra,  when  the  legs  are  well 
developed,  the  otic  process  projects  inwards  in  front  of  the  auditory  cap- 
sule. In  Pseudis  paradoxa  this  is  very  distinct  as  a  thick,  finger-shaped, 
free  process,  which  passes  inwards  as  far  as  the  neck  of  the  foremost 
ampulla. 

The  last  is  an  instructive  condition,  as  it  partly  breaks  down  the  fence 
between  the  two  groups  of  Amphibia ;  for  in  the  Urodela  the  otic  process 
is  pedate,  the  toe  projecting  to  nearly  the  same  extent  inwards  as  in 
Pseudis.    The  term  **  suspensorium  ^  must  not  be  applied  to  the  part 
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which  carries  both  the  mandible  and  the  hyoid  arch  in  most  fishes — sharks, 
rays,  ganoids,  and  teleosteans. 

This  part,  the  **  hyomandibular,"  belongs  to  the  second  or  hyoid  arch, 
and  has  no  representative  in  most  of  the  Sauro-batrachia,  nor  in  the  Ba- 
trachia  during  their  larval  state. 

In  Jh-oteus,  however,  contrary  to  what  is  seen  in  the  other  tailed  forms, 
the  proximal  hyoid  element  is  as  massive  as  the  mandibular  pier,  its 
immediate  "serial  homologue."  This  " hyomandibular "  of  Proteus  is 
attached  by  ligament  to  the  suspensorium,  the  stapes,  and  the  auditory 
capsule ;  it  is  not  tilted  upwards  and  forwards  like  its  counterpart  in  the 
skate  or  osseous  fish,  but  agrees  with  that  of  the  shark  in  being  directly 
articulated  to  the  cerato-hyal.  This,  however,  does  not  take  place  by 
direct  superposition ;  but  the  hyomandibular  is  bevelled  largely  on  its 
inner  face,  and  overlaps  the  cerato-hyal.  Had  it  been  tilted  upwards  and 
forwards  it  would  have  applied  itself  to  the  outer  face  of  the  suspensorium 
in  the  manner  of  the  flat  fore  end  of  the  Batrachian  "  columella,"  the 
ea^cutapedial. 

Such  a  structure  occurring  in  some  low-generalized  tailless  amphibian 
could  only  be  interpreted  as  the  lump  of  organic  clay  out  of  which  the 
columella  had  to  be  fashioned. 

Every  anomaly  in  a  frog  or  toad  that  shows  how  thin  the  middle  wall 
of  partition  is  between  the  two  groups  will  increase  to  me  the  probability 
that  the  hyomandibular  of  the  Proteus  is  the  Batrachian  columella  "  writ 
large"*. 

On  signs  of  Vertebral  Segmentation  seen  in  the  cephalic  part  of  the 
Notochord. 

In  my  paper  on  the  skull  of  the  fowl  (plate  82.  fig.  3.  nc)  I  have 
figured  the  notochord  in  the  third  stage  as  having  three  partially  formed 
segments.  The  most  distinct  of  these  is  the  hindermost,  and  it  is  ossified. 
That  osseous  tract  is  the  homologue  of  an  early  vertebral  "  centrum ; " 
and  if  the  other  two  spindle-shaped  regions  were  to  ossify  separately 
there  would  be  three  rudimentary  cranial  centra. 

In  toads  of  the  first  summer  (sixth  stage  of  this  paper)  the  shrinking 
notochord  has  become  submoniliform,  as  in  the  chick,  but  it  does  not 
ossify. 

In  the  Salamandrian  Amphibia,  however,  the  notochord  acquires  a 
bony  sheath  in  front ;  and  in  Seironota  perspicillata  larvsB  half  an  inch  in 
length  show  two  very  well  marked  cranial  centra,  the  front  one  with  a 
perfect  osseous  sheath,  whilst  the  hinder  segment  has  bony  grains 
scattered  over  the  notochordal  sheath.  This  last  has  the  hourglass- 
shape,  and  corresponds  accurately  in  form  with  the  rudimentary  centrum 
of  the  first  cervical  vertebra. 

The  dorsal  ends  of  the  trabecule  occupy  the  apex  of  the  notochord,  and 
*  It  if  small  in  Spelerpes  and  Desmo^rnatkus, 
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in  these  larvsB  of  Seironota  the  hinder  half  of  the  front  notochordal  se^ent 
is  not  invested  by  cartilage.  But  the  hinder,  feebly  ossified  segment  has 
a  cartilaginous  plate  on  each  side,  which  is  already  ossifying  (as  the  ex- 
occipital),  and  these  ossifying  cartilages  are  seen  to  be  the  accurate 
counterparts  of  the  "  neurapophyses"  of  the  first  cervical  vertebra. 

Afterwards  these  cartilages  grow  forward  and  coalesce  with  the  dorsal 
ends  of  the  trabecules. 

These  facts  are  in  perfect  harmony  with  what  I  have  been  asserting 
for  some  years  past,  namely,  that  the  basioccipital  is  not  the  hindermost 
centrum  of  a  series  of  cranial  vertebrsB,  but  a  single  bone  in  the  place  of  a 
series,  the  distinctness  of  which  supposed  series  is  lost,  their  segmenta- 
tion being  suppressed.  The  modified  anterior  end  of  the  vertebral 
column  forms  the  occipital  arch.  There  are  no  deyeloped  cranial  vertebres 
in  front  of  the  "  epencephalic,"  which  used  to  figure  as  the  hindermost 
of /our. 


III.  ''Preliminary  Observations  on  the  Locomotor  System  of 
Medusffi.^'  By  G.  J.  Bomanes^  M.A.,  P.L.S.  Communicated 
by  Prof.  Huxley,  Sec.R.S.     Received  November  1,  1875. 

(Abstract.) 

I.  Movements  of  the  Medusas, 
The  movements  of  some  of  the  Medusae  (e.  g.  Sarsia)  appear  to  be  as 
voluntary  as  are  those  of  insects.  Some  of  the  discophorous  species  of 
naked-eyed  Medus®*,  when  threatened  with  injury,  manifest  peculiar 
movements,  which  are  quite  distinct  from  the  ordinary  locomotor  con- 
tractions. These  movements  consist  in  a  very  strong  and  protracted 
systole,  followed  by  a  slow  and  gradual  diastole.  This  spasm-like  series 
of  movements  is  never  performed  by  any  Medusa  except  when  the 
animal  is  being  injured  or  threatened  with  injury. 

n.  Fundamental  Observations. 
§  1.  In  the  case  of  all  the  naked-eyed  MedussB  which  1  have  this  year 
been  able  to  procure  (viz.  thirteen  species  belonging  to  six  of  the  most 
divergent  genera)  1  find  it  to  be  true  that  excision  of  the  extreme  peri- 
phery of  a  nectocalyx  is  followed  by  immediate,  total,  and  permanent 
paralysis  of  the  entire  organ.  The  severed  margin,  on  the  other  hand, 
continues  its  rhythmical  contractions  as  vigorously  as  when  it  was  still  m 
situ^  and  this  for  many  hours  after  the  operation.  Among  hundreds  of 
observations  I  have  only  met  with  one  exception  to  the  otherwise  uniform 
result  of  this  operation.  The  exception  occurred  in  an  individual  belong- 
ing to  the  species  Staurophora  laciniata, 

*  I  adhere  to  Forbes's  olaaeification  only  beoaiue  I  haye  not  happened  to  meet  with 
any  indiTiduala  of  the  family  LuoemariadBs. 
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§  2.  In  the  case  of  the  oovered-eyed  Medussd  I  hare  not  found  the 
result  of  the  operation  just  mentioned  to  be  so  nniform  as  it  is  in  the 
case  of  the  naked-eyed  Medus».  Nevert^less  this  result,  although 
varying  greatly  in  different  species  and  in  different  individuals  of  the 
same  species,  is,  upon  the  whole,  analogous  to  that  which  is  so  remark* 
able  in  the  case  of  the  naked-eyed  Medusse ;  that  is  to  say,  in  the  majority 
of  instances  excision  of  the  margin  of  a  gonocalyx  is  followed  by  a  parar 
lysis  as  immediate  and  total  as  is  the  paralysis  similarly  caused  in  a  nee- 
tocalyx;  but  the  two  cases  differ  in  that  (a)  this  is  far  from  being 
invariably  the  case,  and  (6)  the  paralysis  of  a  gonocalyx,  even  when  total 
for  a  time,  is  seldom  permcment.  After  periods  varying  from  a  few 
seconds  to  half  an  hour  or  more  occasional  contractions  begin  to  take 
phice,  or  the  contractions  may  be  resumed  with  but  little  diange  in  their 
character  and  frequency. 

These  remarks  apply  to  gonocalyces  in  general ;  but  they  do  not  apply 
in  equal  degrees  to  all  the  genera  of  covered-eyed  Medus® :  t.  e.  different 
genera  of  covered-eyed  Medus®  manifest,  in  their  constituent  individuals, 
different  average  degrees  of  pardysis  when  subjected  to  the  operation  we 
are  considering.  Of  all  the  species  I  have  oome  across,  Awdia  awrita 
most  resembles  the  naked-eyed  Medusa  in  the  degree  to  which  the 
locomotor  centres  are  aggregated  in  the  margin  of  the  swimming-organ ; 
for  in  the  case  of  this  species  it  frequently  happens  that  the  paralysis 
caused  by  excision  of  the  margin  is  permanent. 

§  3.  In  the  genus  Sarsia  I  find  that  exdsion  of  t^e  eye-specks  alone 
causes  a  greater  degree  of  pardysis  than  does  excision  of  the  intermediate 
portions  of  the  margin  alone ;  for  while  the  former  operation  is  usually 
sufficient  to  cause  temporary  and  sometimes  permanent  pandysis,  the 
latter  operation  never  causes  either.  That  aU  parts  of  the  marginal 
tissue  between  the  eye-specks,  however,  are  capable  of  originating  impulses 
to  contraction^  is  proved  by  the  fact  that  the  smallest  atom  of  this  tissue, 
when  left  in  situ  after  all  the  rest  of  the  margin  has  be^i  removed,  is 
frequently  sufficient  to  animate  the  entire  nectocalyx. 

§  4.  In  the  covered-eyed  Medusae  I  find  that  the  concentration  of  the 
marginal  supply  of  locomotor  centres  into  the  marginal  bodies  is  even 
more  decided  than  it  is  in  the  case  of  Sarsia.  Indeed  I  have  no  evidence 
to  show  that  any  part  of  the  margin  of  a  gonocalyx,  other  than  the  eight 
lithocyst«,  has  any  function  of  spontaneity  to  perform ;  so  that  all  the 
remarks  made  in  §  2,  while  stating  the  effects  of  removing  the  entire  margin 
of  gonocalyces,  are  equally  applicable  to  the  effects  of  removing  the  litho- 
cysts  alone.  I  may  add1;hat  in  the  case  of  Aurelia  aurita,  which  from 
its  flattened  shape  admits  of  the  fairest  experiments  being  made  in  this 
connexicm,  all  the  spontaneity  of  the  margin,  and  so  in  many  cases  of  the 
entire  animal,  is  without  question  seated  exclusively  in  the  lithocysts  *. 

*  In  no  case,  either  among  the  naked-  or  the  oorered-ejed  Medusfe,  is  the  pdypite 
afiected  by  remoTal  of  the  periphery  of  the  swimmiog-organa. 
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m.  Stimulation, 

§1.  All  the  tissues  of  all  the  MedussB  are  keenly  sensitiye  to  all  kinds 
of  stimulation.  When  a  swimming-organ  is*  paralyzed  by  the  operation 
above  described,  it  invariably  responds  to  a  single  stimulation  by  once 
performing  that  movement  which  it  would  have  performed  in  response  to 
that  stimulation  had  it  still  been  in  an  unmutilated  state. 

§  2.  (a)  To  electrical  stimulation,  both  of  the  direct  and  of  the  induced 
current,  the  severed  margins  and  the  swimming-organs  from  which  they 
have  just  been  removed  are  responsive.  There  is  an  important  differ- 
ence, however,  between  the  two  cases,  in  that  while  the  severed  margios 
continue  responsive  to  induction-shocks  after  they  have  ceased  to  be 
affected  by  make  and  break  of  the  direct  current,  the  reverse  is  true  of 
the  mutilated  swimming-organs — these  continuing  responsive  to  mako 
and  break  of  the  direct  current  after  they  have  ceased  to  be  affected  by 
strong  inductiouHshocks,  or  even  by  Earadaic  electricity  with  the  secondary 
coil  pushed  to  zero  (one  cell). 

(6)  By  means  of  a  DuBois-Beymond  induction-apparatus  and  of 
needle-point  terminals  (the  needle  being  passed  through  a  small  piece  of 
cork  as  a  support,  and  iiie  cork  being  fixed  to  stage-forceps  on  the 
mechanical  stage  of  a  Boss  microscope),  1  was  able  to  investigate  the  dis- 
tribution of  excitable  tracts  in  Sarsia,  1  found  that  there  is  an  uninter- 
rupted increase  of  excitability  from  the  apex  to  the  base  of  the  nectocalyx, 
that  the  positions  occupied  by  the  radial  tubes  are  tracts  of  comparatively 
high  excitability,  that  the  eye-specks  are  the  most  excitable  portions  of 
the  margin,  and  that  of  the  eye-speoks  the  vesicular  half  is  more  excitable 
than  is  the  pigment  half. 

(c)  When  the  marginal  rim  of  any  Medusa  is  removed  in  a  continuous 
piece,  with  the  exception  of  one  small  part,  the  result,  of  course,  is  a 
long  strip  of  marginal  tissue,  which  is  free  at  all  points  save  at  the  end 
which  is  left  attached  in  situ.  Upon  now  irritating  the  distal  end  of  this 
marginal  strip,  a  wave  of  contraction  may  invariably  be  seen  to  start  from 
the  point  at  which  the  irritation  is  applied,  and  with  some  rapidity  to 
traverse  the  entire  strip.  When  this  contractile  wave  arrives  at  the 
proximal  or  attached  end  of  the  strip,  it  delivers  its  influence  into  the 
swimming-organ,  which  thereupon  contracts  in  exactly  the  same  manner 
as  it  does  when  itself  directly  irritated.  Of  course  spontaneous  contrac- 
tions are  always  origuiating  in  some  portion  or  other  of  the  severed  strip ; 
and  these  give  rise  to  contractile  waves  and  to  contractions  of  the  swim- 
ming-organ just  in  the  same  way  as  do  the  disturbances  originated  by 
stimuli.  In  such  of  the  discophorous  species  of  naked-eyed  Medus», 
however,  as  respond  to  stimulation  by  the  peculiar  spasmodic  movements 
of  the  nectocalyx  already  described,  the  difference  between  the  effects 
upon  the  nectocalyx  of  contractile  waves  which  originate  in  the  severed 
strip  spontaneously,  and  those  which  there  originate  in  answer  to  stimula* 
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tion,  is  of  a  very  marked  character ;  for  the  spasmodic  movements  of  the 
nectocalyx  are  as  easily  and  as  certainly  excited  by  irritating  any  part  of 
the  severed  strip  as  they  are  by  irritating  the  substance  of  the  nectocalyx 
itself. 

Erom  this  description  it  will  readily  be  seen  that  a  Medusa,  when  thus 
operated  upon,  supplies  all  the  conditions  required  for  conducting  experi- 
ments in  electrotonus  :  the  animal  in  this  form  is,  for  all  practical  pur- 
poses, a  nerve-muscle  preparation.  Accordingly  I  have  spent  a  great 
deal  of  labour  over  this  part  of  my  subject,  but  with  no  very  satisfactory 
results.  In  the  case  of  Staurophora  laciniata,  however,  I  have  sometimes 
obtained  decided  indications  of  kathelectrotonus,  but  never  any  of  anelec- 
trotonus.     I  cannot  yet  speak  decidedly  with  respect  to  Pfliiger's  law. 

(d).  a.  The  excitable  tissues'of  Meduss,  although  somewhat  capricious 
in  the  comparative  sensitiveness  they  show  to  make  and  break  of  the 
current,  upon  the  whole  conform  to  the  rules  which  are  followed  by  the 
excitable  tissues  of  other  animals. 

/3.  Different  species  of  HedussB  manifest  differences  in  the  degree  of 
their  sensitiveness  to  electrical  stimulation.  In  all  cases,  however,  the 
degree  of  sensitiveness  is  wonderfully  high. 

y.  When  the  constant  current  is  passing  in  a  portion  of  a  strip  of  a 
severed  margin,  the  nectocalyx  sometimes  manifests  uneasy  motions 
during  the  time  the  current  is  passing ;  this,  however,  is  perhaps  due  to 
variations  in  the  intensity  of  the  current. 

d.  When  the  intrapolar  portion  of  the  severed  margin  of  8.  laciniaia 
happens  to  be  sptmtaneously  contractiDg  prior  to  the  passage  of  the  con- 
stant current,  the  moment  this  current  is  thrown  in  such  spontaneous 
contractions  usually  cease,  and  are  seldom  resumed  until  the  current 
is  again  broken,  when  they  are  almost  sure  to  recommence.  This 
inhibitory  effect  may  be  produced  a  great  number  of  times  in  suc- 
cession. 

e.  Exhaustion  of  the  excitable  tissues  may  be  easily  shown  by  the 
ordinary  methods.  Exhausted  tissue  is  much  less  sensitive  to  stimula- 
tion than  is  fresh  tissue,  and,  so  far  as  the  eye  can  judge,  the  contrac- 
tions are  slower  with  the  period  of  latent  stimulation  prolonged. 

4;.  Tetanus  produced  by  Faradaic  electricity  is  not  of  the  nature  of  an 
apparently  single  prolonged  contraction  (except,  of  course,  such  of  the 
naked-eyed  Medussd  as  respond  to  all  kinds  of  stimuli  in  this  way),  but 
that  of  a  number  of  contractions  rapidly  succeeding  one  another.  There 
is  hence  no  appearance  of  summation, 

ri.  When  the  swimming-bell  of  Sarsia  has  had  its  margin  removed,  and 
so  (as  proved  by  hundreds  of  experiments)  has  been  entirely  deprived  of 
its  locomotor  centres,  nevertheless,  in  response  to  electrical  stimulation, 
instead  of  giving  a  single  contraction  to  make  or  break,  it  may  begin  a 
highly  peculiar  motion  of  a  flurried,  shivering  character,  which  lasts 
.without  intermission  for  periods  varying  from  a  few  seconds  to  half  an 
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hour.  I  never  but  onoe  saw  a  similar  motion  in  a  perfect  animal,  and 
this  was  in  the  case  of  a  specimen  which  was  being  poisoned  with  iron- 
rust.  The  motion  may,  I  think,  be  explained  by  supposing  that  the 
yarious  systems  of  muscles  are  contracting  without  coordination ;  but  why 
ihey  should  sometimes  do  this  in  response  to  electrical  stimulation,  and 
why,  when  they  do  this,  they  should  continue  the  action  so  long,  these 
questions  I  cannot  answer.  In  no  other  genus  of  the  Medussd  haye  I 
ever  seen  a  similar  or  corresponding  action  performed ;  and  even  in  the 
genus  Sarsia  its  occurrence  is  comparatively  rare.  It  never  begins  spon- 
taneously, and  it  appears  to  be  most  readily  evoked  by  submitting  the 
paralyzed  nectocalyx  to  a  number  of  shocks,  either  from  the  direct  or 
the  induced  current,  in  somewhat  rapid  succession.  When  it  does  occur 
it  is  always  continuous,  i.  e.  it  never  spontaneously  recommences  after 
having  once  ceased.  When  its  period  of  duration  is  prolonged,  the 
shivering  motions  become  feebler  and  feebler,  until  they  eventually  fade 
away  into  quiescence.  The  animal  is  then  quite  insensible  to  all  further 
stimulation:  the  tissues  appear  to  have  died  from  exhaustion.  These 
shivering  motions  may  also  be  caused  in  Sarsia  by  slightly  acidulating  the 
water  in  which  the  mutilated  nectocalyx  is  suspended. 

§  3.  In  their  behaviour  towards  chemical  stimuli,  the  excitable  tis- 
sues of  all  the  Medusffi  conform  in  every  respect  to  the  rules  which  are 
followed  by  the  nervo-muscular  tissues  of  higher  animals.  Both  the  severed 
margins  and  the  mutilated  swimming-organs,  as  well,  I  may  add,  as 
severed  polypites  and  tentacles,  respond  to  applications  of  various  acids, 
solutions  of  various  metallic  salts,  alcohol,  ether,  glycerine,  &c.  Fresh 
water  is  quickly  fatal  to  MedussB. 

§  4.  My  observations  upon  thermal  stimulation  are,  for  the  present, 
reserved. 

IV.  Section. 

§  1.  The  extent  to  which  the  swimming-organs  of  Medusad  may  be 
mutilated  without  sufEering  de- 
struction of   their  physiological 
continuity  is  in  the  highest  degree 
astonishing. 

(a)  Suppose  the  annexed  dia- 
gram to  represent  Sarsia  in  pro- 
jection, the  lines  being  cuts.  It  is 
evident  that  a  stimulus  origina- 
ting at  any  point  a  in  the  mar- 
gin cannot  radiate  its  influence 
throughout  the  nectocalyx,  except 
by  traversing  the  course  of  the 
dotted  line ;  yet  in  a  specimen  so 
cut  the  spontaneous  contractions 
are  as  synchronous  over  the  entire  nectocalyx  as  they  are  in  unmutilated 


Digiti 


zed  by  Google 


148  Mr.  G.  J.  Romanes  on  the  [Dec.  16, 

epecimens.  Further,  if  the  margin  be  now  removed,  the  paralyzed  bell 
will  respond  to  stimuli  applied  at  any  part,  just  as  readily  and  simul- 
taneously over  its  whole  extent  as  it  would  do  were  there  no  aystem  of 
interdigitating  cuts  present. 

(6)  If  the  margin  of  Sarsia  be  removed  in  a  continuous  strip,  with  the  ex- 
ception of  one  end  left  attached  in  gitu,  and  if  the  section  be  then  continued 
in  the  form  of  a  spiral  having  two  or  more  turns  from  the  base  to  the  apex 
of  the  cone,  the  contractile  waves  originating  in  the  free  portions  of  the 
severed  margin  pass  into  the  spiral  upon  reaching  its  point  of  origin, 
and  then  run  round  and  round  the  spiral  from  the  base  to  the  apex 
of  the  cone.  If  the  marginal  strip  be  now  removed  altogether,  the 
paralyzed  bell  will  respond  to  stimuli  applied  to  any  part  of  the  spiral. 

(c)  If  seven  lithocysts  be  removed  from  the  gonocalyx  of  Aurelia  aurita, 
and  if  the  remaining  one  be  made  the  point  of  origin  of  a  spiral  section, 
which  is  then  carried  round  and  round  the  disk-shaped  gonocalyx,  the 
result  is  a  long  strip  of  contractile  tissue,  the  contractile  waves  alwaj'^s 
originating  in  the  lithocyst  at  the  end  of  the  strip,  and  then  running  along 
the  strip  until  they  deliver  themselves  into  the  remainder  of  the  gono- 
calyx, which  thereupon  contracts.  The  length  and  width  of  such  contrac- 
tile strips  are  very  important  factors  in  determining  whether  the  waves 
pass  all  the  way  along  the  strip  or  become  blocked  at  some  point  in  its 
length.  Nevertheless  these  are  very  far  from  being  the  only  factors, 
there  being  immense  individual  differences  in  the  endurance  of  the  con- 
tractile tissue  under  this  form  of  section.  Sometimes  the  waves  will 
become  blocked  when  the  strip  is  only  an  inch  or  less  in  length ;  while  at 
other  times  the  waves  will  pass  freely  from  end  to  end  of  a  contractile 
fitrip  which  is  only  an  inch  wide  and  a  yard  long. 

§  2.  How  are  the  impulses  transmitted  from  the  locomotor  centres  of 
Medusae  to  the  contractile  tissues  of  their  swimming-organs  ?  Have  we 
any  evidence  of  more  or  less  definite  Unes  of  discharge  being  present  ?  or 
must  we  conclude  that  the  contractile  tissues  are,  throughout  their  extent, 
of  a  functionally  homogeneous  nature  ? 

(a)  The  fact  that  the  contractile  tissues  endure  such  severe  section 
without  losing  their  physiological  continuity,  appears  to  settle  this  question 
in  favour  of  the  last-mentioned  alternative.  Nevertheless  there  is  a 
weighty  body  of  evidence  to  be  adduced  on  the  other  side.  In  the  first 
place,  the  extreme  variations  in  their  tolerance  of  spiral  section  which 
are  manifested  by  different  individuals  of  the  species  Aurelia  aurita 
appear  to  be  irreconcilable  with  the  hypothesis  of  the  tissue  concerned 
being  functionally  homogeneous.  But  the  following  invariable  fact  is 
still  more  difficult  to  reconcile  with  this  hypothesis,  viz.  at  whatever  point 
in  a  contractile  strip  that  is  being  progressively  elongated  by  section  the  con- 
tractile wave  becomes  blocked^  the  blocking  is  sure  to  take  place  completely  and 
exclusively  at  that  point.  In  view  of  these  facts,  therefore,  at  the  present 
etage  of  my  inquiries,  I  provisionally  accept  the  hypothesis  of  more  or  less 
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definite  lines  ot  discharge  being  present  in  the  8wimming-<H*gan9  of 
MednssB.  I  have  hitherto  fiuled,  however,  to  detect  any  such  lines  histo- 
logicallj. 

(6)  After  the  waves  have  beccnne  completely  blocked  in  a  contractile 
strip,  it  sometimes  happens  that  the  blocking  is  overcome,  the  waves 
again  passing  into  the  remainder  of  the  gonocalyx  as  freely  as  they  did 
before  the  section  reached  the  point  at  which  the  blocking  occurred. 
Sometimes,  under  these  circumstances,  the  strip  will  admit  of  being 
further  elongated  for  some  distance  before  the  waves  are  again  blocked ; 
and  occasionally  it  happens  that  the  second  blockage  is  also  thrown 
down.  I  have  once  seen  four  such  successive  blockages  successively 
overcome. 

It  will  be  seen  that  these  facts  militate  against  the  supposition  of 
lines  of  discharge  being  present.  I  think,  however,  that  there  is  a 
theory  by  which  these  facts  admit  of  being  satisfactorily  reconciled  with 
that  supposition.  But  this  whole  subject  awaits  further  and  extensive 
investigation. 

(c)  Pressure  exerted  upon  any  transverse  line  in  a  contractile  strip 
causes  blocking  of  the  waves  at  that  line.  If  the  pressure  be  slight,  the 
blocking  wiQ  be  temporary ;  but  if  severe  or  long-continued,  the  blocking 
will  probably  be  permanent.  Even  the  slight  strains  caused  by  handling 
contractile  strips  in  the  air  are  often  sufficient  to  show  the  rate  of  the 
waves,  and  sometimes  to  block  them. 

V.  Additional  Facts  tending  to  show  the  identity  of  the  Loeomotcr  CerUres 
of  Medusce  with  Nervous  Tissue  in  general, 

§  1.  Having  placed  several  hundred  Sarsia  in  a  large  bell-jar,  I  com- 
pletely shut  out  the  daylight  from  the  room  in  which  the  jar  was  placed. 
By  means  of  a  dark-lantern  and  a  concentrating-lens,  I  then  cast  a  beam 
of  light  through  the  water  in  which  the  Sarsia  were  swimming.  From 
all  parts  of  the  bell-jar  the  Sarsia  crowded  into  the  path  of  the  beam. 
The  presence  of  a  visual  sense  in  the  case  of  this  genus  is  therefore 
unquestionable. 

Having  removed  twelve  vigorous  specimens  from  the  large  bell-jar  and 
placed  them  in  a  smaller  one,  I  excised  the  so-called  eye-specks  from  nine 
of  the  number.  The  three  unmutilated  individuals  sought  the  light  as 
before ;  but  the  other  nine  swam  hither  and  thither  without  paying  it 
any  regard.  I  conclude,  therefore,  that  the  visual  faculty  is  lodged  exclu- 
sively in  the  marginal  bodies. 

Lastly,  I  brought  a  heated  iron,  just  ceasing  to  be  red,  dose  against 
the  glass  side  of  the  large  bell-jar ;  but  no  one  of  its  nimierous  occupants 
approached  the  heated  metal.  Therefore  the  rays  by  which  the  Sarsia  had 
been  afEected  in  the  previous  experiment  were  the  properly  luminous  rays, 
and  not  the  calorific  ones. 

§  2.  (a)  The  antesthesiating  influence  of  chloroform  and  ether  is  most 
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decided,  both  in  the  case  of  the  naked-  and  of  the  covered-eyed  MedusaB. 
The  first  indications  of  approaching  torpor  are  (a)  decrease  in  the  rate 
of  the  pulsatioDs  and  (6)  diminution  of  their  vigour.  These  indications 
rapidly  become  more  and  more  marked,  so  that  shortly  after  they  first 
set  in  the  period  of  diastole  is  very  much  prolonged  and  the  systoles, 
when  they  occur,  are  of  the  feeblest  character.  Eventually  the  pulsations 
altogether  cease ;  and  shortly  after  this  stage  of  perfect  quiescence  has 
been  reached,  the  Medusa  is  quite  insensible  to  all  stimulation.  Becovery 
in  normal  sea-water  is  very  rapid,  occupying  only  a  few  seconds  in  the 
case  of  Sarsia ;  but,  like  the  reverse  process  of  ansBsthesiation,  it  is  clearly 
of  a  gradual  nature. 

(6)  Morphia  is  as  decided  in  its  action  upon  Medussd  as  is  chloroform. 
The  processes  of  ansesthesiation  and  of  subsequent  recovery  are  very 
similar  to  those  just  described,  except  that  both  processes  occupy  a  some- 
what longer  time. 

(c)  Strychnia  exerts  a  very  marked  influence  upon  MedussB.  Of  the 
species  I  have  met  with  Cyanasa  capillata  is  the  most  suitable  for  showing 
the  effects  of  this  poison,  from  the  fact  that,  in  water  kept  at  a  constant 
temperature,  the  normal  pulsations  of  this  animal  are  as  regular  as  are 
those  of  a  heart.  Shortly  after  a  solution  of  strychnia  has  been  added  to 
the  water  in  which  a  specimen  of  (7.  capillata  is  contained,  unmistakable 
signs  of  irregularity  in  the  pulsation  of  the  animal  supervene.  This  irre- 
gularity then  increases  more  and  more,  until  at  last  it  grows  into  well- 
marked  convulsions.  The  convulsions  manifest  themselves  in  the  form 
of  extreme  deviations  from  the  rhythmical  character  of  the  normal  con- 
tractions, amounting,  in  fact,  to  nothing  less  than  tonic  spasms.  It  is 
further  of  importance  to  remark  that  the  convulsions  are  very  plainly  of 
a  ]^aroxysmal  nature — ^prolonged  periods  of  uninterrupted  convulsions 
being  every  now  and  then  relieved  by  shorter  periods  of  repose,  during 
which  the  Medusa  remains  perfectly  motionless  in  a  fully  expanded  form. 
C,  capillata  will  live  for  many  hours  when  under  the  influence  of  strychnia, 
but  eventually  death  supervenes.    The  animal  dies  in  full  diastole. 

(d)  Curare  was  administered  by  the  following  method.  I  placed  the 
Medusa  in  a  flat-shaped  beaker  filled  to  the  brim  with  sea-water.  This 
beaker  I  then  placed  in  a  large  basin  filled  with  sea-water  up  to  the  level 
of  the  water  in  the  beaker.  Having  next  divided  the  Medusa  across  its 
whole  diameter,  with  the  exception  of  a  small  piece  of  marginal  tissue  to 
act  as  a  connecting-link  between  the  two  resulting  halves,  I  transferred 
one  of  these  halves  to  the  water  in  the  basin,  leaving  the  other  half  still 
in  the  beaker.  Lastly,  I  poisoned  the  water  in  the  beaker  with  successive 
doses  of  urari  solution.  The  species  best  suited  for  this  experiment  is 
Staurophora  Utdniata. 

The  effects  of  curare  thus  administered  are  most  marked  and  beautiful. 
Previous  to  the  administration  of  the  poison  both  halves  of  the  divided 
Medusa  are,  of  course,  contracting  vigorously— the  contractile  waves  now 
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numing  from  the  half  in  the  basin  t6  the  half  in  the  beaker,  and  now 
vice  vend.  But  after  the  half  in  the  beaker  has  been  effectually  poisoned 
ail  motion  in  it  completely  ceases,  the  unpoisoned  half,  however,  continu- 
ing to  contract  independently.  If  the  poisoned  half  be  now  irritated,  by 
nipping  with  the  forceps  or  otherwise,  it  does  not  itself  move,  but  the 
other  or  unpoisoned  half  immediately  responds  to  the  stimulation.  If  S, 
UtdnuUa  be  the  species  of  Medusa  employed,  this  result  is  particularly  ^ 
well  marked,  from  the  fact  that  the  unpoisoned  half  responds  to  the  sti- 
mulation by  performing  the  highly  distinctive  spasmodic  movements 
already  described.  I  have  also  satisfied  myself  that  curare  asserts  its 
peculiar  influence  upon  individuals  of  the  covered-eyed  MedussB.  In  all 
caaes  overpoisoning  paralyzes  the  excitable  as  well  as  the  motor  system. 
The  strength  of  the  solution  I  used  was  1  in  2500,  and  in  this  solution  the 
poisoned  half  required  to  soak  for  half  an  hour. 

(e)  If  any  sized  portion  of  a  contractile  strip  cut  from  the  gonocalyx 
of  A,  aurita  be  immersed  in  a  sea-water  solution  of  any  of  the  above- 
mentioned  anssthesiating  substances,  the  contractile  waves  in  the  poisoned 
portion  of  the  strip  are  first  progressively  slowed  and  finally  blocked. 
Upon  now  restoring  the  poisoned  portion  of  the  strip  to  normal  sea- 
water,  the  contractile  waves  again  begin  to  pass,  and  eventually  do  so  as 
freely  as  before. 

If  any  of  the  nutrient  tubes  which  cross  such  a  contractile  strip  trans- 
versely be  injected  with  a  solution  of  any  of  the  uarcotic  poisons,  the 
contractile  waves  become  blocked  at  the  line  occupied  by  that  tube.  If  a 
discharging  lithocyst  be  similarly  injected,  it  ceases  its  discharges.  From 
the  effects  of  chloroform  and  weak  solution  of  morphia,  however,  it  recovers 
in  the  course  of  a  night.  Alcohol  so  injected  at  first  causes  an  increase 
in  the  frequency  and  potency  of  the  discharges,  and  afterwards  progressive 
torpor.  In  time,  however,  the  torpidity  wears  away,  and  finally  the 
Medusid  returns  to  its  normal  state. 


IV.  "  Note  on  the  Placentation  of  Hyrax."  By  William  Turner, 
M.B.  (Lend.),  Professor  of  Anatomy,  University  of  Edinburgh. 
Communicated  by  Prof.  Huxlry,  Sec.B.S.  Received  De- 
cember 18,  1875. 

In  his  '  Lectures  on  Comparative  Anatomy,'  vol.  v.  p.  326,  Sir  Everard 
Home  stated  that  the  placenta  in  Hyrax  capeime  is  annular,  like  that  in 
the  cat ;  and  in  vol.  vi.  he  gave  two  drawings  of  the  placenta  (pis.  61  &  62), 
in  which  he  not  only  showed  its  zonary  form,  but  figured,  though  he  did 
not  describe,  the  sac  of  the  allantois  as  equalling  in  length  the  bag  of  the 
chorion.  Prof.  Owen,  in  his  description  of  the  placenta  of  the  elephant 
(Phil.  Trans.  1857),  refers  to  the  placenta  of  Hyrax  as  similar  in  spongy 
texture  and  vascularity  to  the  annular  placenta  of  the  Camivora,  and 
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ubsequ^ntly  (Comp.  Anat*  Vertebrates,  iii.  p.  742)  states  that  the  villi 
ure  imbedded  in  a  decidual  substance,  and  the  surface  of  attachment  to 
the  uterus  is  less  limited  than  in  the  elephant.  Prof.  Huxlej,  in  his 
Hunterian  Lectures,  1863*,  described  the  placenta  of  Hyrax  as  having 
such  an  interblending  of  the  foetal  and  maternal  portions  that  it  is  as 
truly  deeiduate  as  that  of  a  rodent.  In  his  '  Manual  of  the  Anatomy  o£ 
Yertebrated  Animals,'  1871,  he  further  points  out  that  the  maternal 
vessels  pass  straight  through  the  thickness  of  the  placenta  towards  its 
foetal  surface,  that  the  allantois  spreads  over  the  interior  of  the  ch<Hrion 
and  gives  rise  to  the  broad  zone-like  placenta,  and  that  the  yelk-sac  and 
vitello-intestinal  duct  early  disappear. 

In  direct  opposition  to  the  views  of  these  anatomists,  M.  H.  Milne- 
Edwards  has  recently  stated  t  that  there  is  nothing  in  the  placenta  of 
Hyrax  to  indicate  the  presence  of  a  caduca,  and  the  allantois  does  not 
overstep  the  limits  of  the  placental  zone.  The  villi,  he  says,  are  mostly 
simple,  very  analogous  to  those  of  an  ordinary  pachyderm.  In  the 
midst  of  the  zone  vascular  vegetations  are  engaged  in  corresponding 
uterine  cavities,  but  they  adhere  no  more  than  do  the  analogous  prolon- 
gations in  the  ruminant  to  the  crypts  in  which  they  are  included ;  they 
can  be  detached  mth  the  same  facility  without  tearing  through  any  thing, 
and  without  carrying  away  any  portion  of  uterine  tissue.  M.  George,  in 
an  elaborate  monograph  on  the  genus  Hyrax,  published  in  June  last  J, 
figures  not  only  the  placenta,  but  the  gravid  uterus  of  this  animal.  He 
says  nothing,  however,  of  the  structure,  which  he  was  apparently  pre- 
cluded from  examining,  but  adopts  the  view  of  M.  H.  Milne-Edwards  that 
it  was  non-deciduate. 

The  antagonism  between  the  views  of  the  English  and  French  ana- 
tomists, not  only  as  regards  the  structural  details,  but  the  conclusions  as 
to  the  nature  of  the  placentation,  has  rendered  it  advisable  to  have  the 
placenta  of  Hyrax  reexamined ;  and,  with  great  liberality,  Prof.  Huxley 
has  placed  at  my  disposal  his  specimen,  which  had  been  preserved  in 
spirit  of  wine.    I  shall  now  describe  what  I  have  seen. 

The  uterus  was  two-homed.  Two  well-developed  ova,  each  about 
3|  inches  long,  were  in  one  comu.  One  ovum  had  been  opened,  the 
membranes  and  placenta  exammed,  and  the  foetus  removed ;  the  other 
ovum  was  entire.  The  placenta  was  zonary,  and  varied  in  different 
parts  of  the  zone  from  between  |  to  J  inch  in  breadth,  whilst  the  average 
thickness  was  -^  inch.  The  non-placental  areas  of  the  chorion  were 
smooth  and  translucent,  and,  as  in  the  Camivora,  branches  of  the  umbi- 
lical vessels  ramified  in  them.  The  zone  on  the  chorion  was  intimately 
blended  with  a  corresponding  zone  in  the  uterine  mucosa.  When  the 
placenta  was  stripped  off  the  uterus,  not  only  was  the  mucosa  in  the 

*  Elements  of  Comparatiye  Aaatomy,  1864,  p.  111. 

t  Conad^rations  sur  la  Classification  des  Mammiferes,  Paris,  18G8. 

I  Annales  des  Sdenoea  Naturellee,  1875. 
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placental  zone  remored  along  with  the  chorion,  but  for  some  distance  on 
each  side  of  the  sone  the  mucosa  tore  away  from  the  muscular  coat  of 
the  uterus. 

The  foDtal  sur&ce  of  the  placenta  was  smooth,  and  on  it  the  umbilical 
vessels  ramified  before  entering  the  yilli  of  the  chorion.  Some  injection 
was  passed  into  them,  but  it  did  not  fiow  into  their  intrayillous  branches. 
The  uterine  surface  of  the  artificially  separated  placenta  was  flocculent ; 
and  the  flocculi  were  seen,  on  microscopic  examination,  to  consist  of 
bundles  of  connectiye  tissue  intermingled  with  corpuscles,  obviously  the 
submucous  connective  tissue  of  the  phicental  zone. 

A  toughish  membrane,  continuous  on  each  side  with  the  mucosa  of  the 
non-plaoental  area  of  the  uterus,  could  without  difficulty  be  peeled  off  the 
uterine  surface  of  the  placenta  as  a  well-defined  biyer.  When  examined 
microscopically,  the  sur&oe  of  this  membrane  which  lay  next  the  uterus 
was  seen  to  resemble  in  structure  the  flocculi  projecting  from  it ;  whilst 
the  part  next  the  placenta  was  much  more  abundantly  cellular,  and 
stained  readily  with  carmine.  The  surfiice  which  had  been  in  apposition 
with  the  placenta  was  irregularly  undulating,  and  divided  into  numerous 
shallow  crypt-like  recesses,  separated  from  each  other  by  raised  folds  of 
the  membrane.  These  crypts  were  lined  by  a  layer  of  cells,  the  nuclei 
of  which  were  very  distinct.  I  regard  this  membrane  as  the  serotina,  or 
modified  uterine  mucosa  of  the  placental  zone ;  whilst  the  crypts,  with 
their  epithelial  lining,  are  the  closed  ends  of  the  deep  pits  in  which 
the  villi  of  the  chorion  are  lodged. 

The  substance  of  the  placenta  was  then  examined,  with  the  object  of 
determining  not  only  the  form  of  the  foetal  villi,  but  if  prolongations  of 
the  maternal  mucosa  passed  into  the  placenta  between  the  villi.  In  ver* 
tical  sections  the  villi  appeared  as  if  simple  filamentous  structures, 
extending  from  the  chorion  to  the  crypt-like  recesses  in  the  serotina ;  but 
when  portions  of  the  placenta  were  t^ed  out  with  needles,  so  that  the  , 
villi  were  not  injured,  although  an  occasional  simple  villus  was  seen,  the 
majority  were  broad,  sinuous,  leaf-like  villi,  with  bud-like  ofbhoots  at 
the  free  border,  such  as  I  have  described  and  figured  in  the  domestic 
cat  (Trans.  Boy.  Soc.  Edinburgh,  1875).  In  horizontal  sections  through 
the  placenta  the  sinuous  outline  of  the  villi  presented  so  dose  a  resem- 
blance to  the  cat,  that  it  was  difficult  in  this  particular  to  distinguish 
Hyrax  from  Felis.  Under  a  magnifying-power  of  320  diameters,  a  layer 
of  flattened  ceUs,  the  nuclei  of  which  were  almost  circular  and  bright 
with  transmitted  light,  was  seen  at  the  surface  of  the  villus.  Intermingled 
with  the  f  (Btal  villi  were  laminar  prolongations  of  the  maternal  mucosa, 
which  invested  and  closely  followed  the  sinuosities  of  the  villi,  similar  to 
the  arrangement  I  have  described  and  figured  in  the  domestic  cat*. 
This  intraplacental  maternal  tissue  was  present  not  only  in  those  sections 

»  Memoir  "  On  Oie  Flaoentotioii  of  the  Seals/'  alroady  cited,  1875,  p.  2d3,  pi.  xxi. 
flg.l4. 
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in  which  the  serotina  was  in  n(u,  but  in  others  from  which  this  membrane 
had  been  peeled  ofE.  The  maternal  laminfiB  were  covered  by  a  layer  of 
cells,  obviously  continuous  with  the  cellular  lining  of  the  CTypt-like 
recesses  on  the  free  surface  of  the  serolana,  and  the  lamin»  themselves 
were  prolongations  into  the  placenta  of  the  folds  of  the  mucosa  which . 
separated  the  crypts  from  each  other. 

As  the  placenta  of  Hyrax^  both  in  the  form  of  its  villi  and  in  the  mode 
in  which  they  are  interlocked  between  the  intraplacental  maternal  laminsDy 
BO  closely  resembles  that  of  the  domestic  cat,  and  as  these  laminsB  remain  in 
situ  after  the  membrane,  which  I  have  named  the  serotina,  is  peeled  ofi 
the  placenta,  there  can  be  no  doubt  that  they  are  shed  at  the  time  of  sepa- 
ration of  the  placenta.  Hence  ffyraa,  in  its  placentation,  is  one  of  the 
Dedduata.  Whether  the  membrane  just  referred  to.  is  also  shed  during 
parturition  is  more  difficult  to  say.  The  fact  that  it  peels  off  the  uterus 
along  with  the  placenta,  when  they  are  artificially  separated,  is  not  of 
itself  sufficient  evidence.  In  the  cat  the  whole  thickness  of  the  mucosa 
in  the  placental  zone  peels  off  along  with  the  placenta  when  that  organ  is 
artificially  separated;  whilst  in  normal  parturition  the  deeper  part  of  the 
connective  tissue  of  the  mucosa,  with  the  remains  of  the  blood-vessels 
and  tubular  glands,  persists  as  a  covering  for  the  muscular  coat,  and 
forms  a  non-deciduous  serotina.  It  may  be  that  in  Hyrax^  as  in  the  cat, 
only  the  superficial  part  of  this  membrane  is  shed  with  the  placenta, 
whilst  the  rest  remains  on  the  zone  of  the  uterus ;  but  this  can  only  be 
determined  by  the  examination  of  a  uterus  immediately  after  par- 
turition. 

The  non-placental  area  of  the  mucosa  contained  tubular  glands,  whichy 
relatively  to  the  extent  of  the  membrane,  were  not  nearly  so  numerous  as 
in  the  gravid  mucosa  of  animals  having  a  diffused  or  polycotyledonary 
placenta.  The  glands  were  long,  and  the  gland-stem  was  unbranched 
and  almost  straight ;  the  closed  end  was  dilated,  bent  on  itself,  and  seemed 
to  give  off  a  short  branch.  The  seoreting  epithelium  did  not  fill  up  the 
tube,  but  left  a  central  lumen. 

When  the  chorion  was  cut  through  on  either  side  of  the  placental  zone, 
the  sac  of  the  aUantois  was  opened  into,  and  seen  to  extend  up  to  the 
poles  of  the  chorion.  At  and  close  to  the  margin  of  the  placenta  the 
allantois  was  reflected  on  to  the  outer  surface  of  the  amnion,  to  which  it 
obviously  gave  a  complete  investment,  so  that  the  bag  of  the  amnion  was 
suspended  in  the  sac  of  the  allantois  by  the  bands  of  the  latt^  membrane 
reflected  on  to  its  outer  surface.  The  amnion  was  large  relatively  to 
the  sac  of  the  allantois.  The  umbilical  cord  was  short  and  somewhat 
flattened. 

Numerous  flattened  plates,  the  largest  of  which  were  about  -^  inch  in 
diameter,  projected  from  the  inner  sur&ce  of  the  amnion.  They  were 
situated  not  only  in  the  neighbourhood  of  the  umbilical  cord,  but  scat- 
tered p.s  far  as  the  poles.    Some  were  sessile,  others  slightly  pedunculated ; 


Digiti 


zed  by  Google 


1875.]  Presents.  155 

and  as  they  were  all  covered  by  the  epithelial  lining  of  the  amnion,  they 
were  apparently  deyeloped  between  it  and  the  layer  of  allantois  which 
covered  its  outer  surface.  The  plates  were  obviously  composed  of  cells 
the  nuclei  of  which  were  distinct ;  but  the  toughness  of  the  tissue,  due 
probably  to  the  prolonged  action  of  the  spirit  in  which  the  specimen  had 
been  preserved,  rendered  it  difficult  to  isolate  them.  In  position  and 
structure  these  plates  apparently  corresponded  to  the  amniotio  corpuscles 
which  I  have  described  in  Orea  gladiator  (Trans.  Boy.  Soc.  Edinburgh, 
1871). 

The  non-gravid  uterine  comu  was  enlarged  and  contained  two  masses 
(one  the  size  of  a  walnut,  the  other  of  a  filbert)  connected  togeUier  by 
an  intermediate  neck.  When  examined  microscopically  they  were  seen 
to  contain  tubular  glands  and  blood-vessels,  lying  in  a  richly  corpuscu- 
lated  connective  tissue.  These  masses  were  evidently  the  greatly  hyper* 
trophied  mucosa,  which  had  become  thickened  in  sympathy  with  the 
changes  in  the  gravid  comu.  There  was  no  extension  of  the  f  cetal  mem* 
branes  into  this  comu,  and  its  cavity  seemed  as  if  almost  obliterated  by 
the  great  hypertrophy  of  the  mucous  waU. 

Hyrax  agrees,  therefore,  with  Felis,  not  only  in  the  form  and  structure 
of  the  placenta,  but  in  the  presence  of  a  large  allantoic  sac.  It  differs, 
however,  in  the  condition  of  the  umbilical  vesicle,  which  in  Felis  persists 
during  utero-gestation,  but  in  Hyrax  disappears  apparently  at  an  early 
period. 

The  Society  then  adjourned  over  the  Christmas  Beoess,  to  Thursday, 
January  6, 1876. 
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Dr.  J.  DALTON  HOOKEB,  C.B.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 

I.  ''  On  the  Eipansion  of  Sea-water  by  Heat.*'  By  T.  E.  Thorpe, 
Ph.D.,  and  A.  W.  Buckbr,  M.A.  (Fellow  of  Brasenose  Col- 
lege, Oxford),  Professors  of  ChemiBtry  and  Physics  in  the 
Yorkshire  College  of  Science.  Communicated  by  W,  B, 
Carpenter,  M.D.,  LL.D.,  F.B.S.    Beceived  November  12, 

1875. 

(Abstract.) 

The  extensive  contributions  which  have  recently  been  made  to  the 
physical  history  of  the  ocean  have  shown  the  desirability  of  exact 
knowledge  of  the  relations  of  sea-water  to  heat.  We  have  accordingly 
thought  it  worth  while  to  make  observations  in  order  to  determine  the 
law  of  the  thermal  expansion  of  sea-water. 
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The  only  attempt  hitherto  made  to  solve  this  problem  which  can  lay 
any  real  claim  to  consideratioii  is  due  to  the  late  Professor  Hubbard,  of 
the  United  States  National  Observatory.  The  results  of  his  investiga- 
tion are  contained  in  Maury's  '  Sailing  Directions/  1858,  vol.  i.  p.  237. 

Muncke,  nearly  fifty  years  ago,  determined  the  expansion  of  an  artificial 
sea-water  at  various  temperatures  between  0°  and  100**  C;  but  our  con- 
fidence in  the  results  as  applicable  to  natural  sea-water  is  affected  by  the 
circumstance  that  the  solution  was  prepared  from  data  furnished  by  the 
imperfect  analyses  of  Yogel  and  Bouillon  La  Grange. 

The  obsenations  of  Despretz  were  confined  to  temperatures  below 
13°'27,  as  the  main  object  of  his  inquiry  was  the  determination  of  the 
point  of  maximum  density  of  sea-water.  The  subsequent  investigations 
of  Neumann  and  Bossetti  were  equally  limited,  as  they  were  undertaken 
with  the  same  view. 

The  water  used  in  our  observations  was  collected  from  the  Atlantic,  ^ 
in  lat.  50°  48'  N.  and  long.  3V  14'  W.;  and  its  specific  gravity  at  0°  C,  * 
compared  with  distilled  water  at  the  same  temperature,  was  found  by  the 
bottle  to  be  1-02867. 

The  method  of  experiment  was  precisely  the  same  as  that  abeady 
employed  by  one  of  us  in  determining  the  expansion  of  the  liquid  chlorides 
of  phosphorus.  It  was  essentially  that  already  used  by  Kopp  and 
Pierre ;  t.  e,  the  expansion  was  observed  in  thermometer-shaped  vessels 
(so-calJed  dilatometers),  graduated  and  accurately,  calibrated. 

Three  of  these  instruments  and  two  sets  of  thermometers  were 
employed.  The  latter  were  made  by  Casella  ;  the  length  of  a  degree  in 
different  instruments  varied  between  9  and  13  millims. ;  they  had  been 
compared  (the  one  set  directly,  the  other  indirectly)  mth  Kew  Standards. 

Three  perfectly  independent  sets  of  observations  were  made  vriih  the 
water  in  the  state  in  which  it  was  collected ;  and  as  Mr.  Buchanan,  of 
H.M.S.  *  Challenger,'  has  found  that  the  specific  gravities  of  different 
sea-waters  lie  between  the  extreme  values  1*0278  and  1*0240,  and  since,  in 
order  to  be  of  value  in  the  investigation  of  the  physical  condition  of 
the  ocean,  the  observations  on  their  values  and  the  formula)  of  reduction 
ought  to  be  correct  to  the  fourth  decimal  place,  we  diluted  quantities  of 
our  sea-water  with  distilled  water,  so  as  to  have  specimens  of  approxi- 
mately the  specific  gravities  of  1*020  and  1*025;  and  we  concentrated  a 
third  quantity  by  evaporation  until  its  specific  granty  was  increased  to 
1*033,  and  made  two  series  of  independent  observations  on  the  expansion 
of  each  solution. 

As  we  ^\ished  to  confine  ourselves  to  circumstances  to  which  sea-water 
8  naturally  exposed,  we  did  not  carry  on  our  experiments  at  temperatures 
higher  than  40®  C. 

Empirical  formula)  were  calculated  to  express  the  results  of  each  series 
of  observations ;  and  in  the  original  paper  full  details  of  the  observations 
are  given,  together  with  Tables  showing  the  agreement  between  the 
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calculated  and  observed  results,  and  also  (after  the  necessary  corrections 
and  reductions  have  been  made)  between  the  volumes  calculated  from  the 
formulad  from  different  series  of  observations  on  the  same  solutions, 
^l^^uially,  a  general  formula  of  the  form 

was  found,  giving  the  relation  between  the  volume  (t;),  temperature  (^), 
and  specific  gravity  at  0^  G.  (jt)  of  any  solution  of  the  same  composition 
of  sea-water  the  specific  gravity  of  which  at  0°  C.  lies  between  1*020  and 
1*033,  the  volume  at  the  same  temperature  being  taken  as  imity ;  in 
which  expression 

^(0=:l+-00008097*+-0000049036<"--000000012289<>, 

^/<0=-10-'^C6509^^•020198<«-•00083276O, 
and        /(«)=ll-95-940(«-l*02)». 

In  the  original  paper  we  show  that  if  ^  be  the  specific  gravity  at  any 
temperature  t  oi  &  solution  the  specific  gravity  of  which  at  QP  G.  is  s, 

we  may  without  sensible  error  assume  ^  to  be  constant ;  whence,  by 

means  of  the  above  formula,  we  are  able  to  give  in  the  following  Table 
all  the  data  necessary  for  calculating  the  specific  gravity  of  sea-water  of 
any  degree  of  salinity  at  any  temperature  between  0°  and  36°.  Column 
IT.  contains  the  specific  gravities  at  the  temperatures  given  in  Column  I. 
of  a  solution  the  specific  gravity  of  which  at  0°  G.  is  1*02000 ;  Column  III. 
contains  the  numbers  which  must  be  subtracted  from  those  in  Column  I. 
for  each  increase  of  0°*1  over  the  temperatures  opposite  to  which  they  • 
are  placed ;  and  Column  lY.  the  numbers  which  must  be  added  for  each 
increase  of  '00001  of  the  specific  gravity  of  the  solutions  at  zero.  At  the 
heads  of  Columns  HE.  and  TV.  are  the  numbers  of  ciphers  which  must 
be  prefixed  to  the  figures  written  in  them  in  the  unit  place. 

Li  order  to  facilitate  the  use  of  the  Table,  we  subjoin  directions  for  its 
application  in  the  form  of  rules,  and  give  a  couple  of  examples. 

I.  Given  the  specific  gravity  of  a  sample  of  sea-water  at  any  tempera- 
ture t,  to  find  it  at  0^  G.:— Look  out  in  Column  I.  the  figure  giving  the 
number  of  entire  degrees  of  the  temperature ;  multiply  the  corresponding 
number  in  III.  by  the  fraction  by  which  the  observed  temperature  exceeds 
that  number,  and  subtract  the  result  from  the  corresponding  number  in 
Column  n.  Subtract  the  difference  from,  the  observed  specific  gravity, 
and  divide  the  number  so  obtained  by  that  corresponding  to  the  observed 
temperature  in  Column  IV.  (without  prefixing  the  ciphers  at  the  top  of 
the  column) ;  add  the  quotient  to  1*02000,  and  the  sum  will  be  the  specific 
gravity  required. 

Example  L  Specific  gravity  observed  at  18^*6  C.=:l-02475.    Number 

*  The  numerical  constonta  involved  in  the  above  formula  are  giren  in  the  forms  in 
which  they  were,  for  facility  of  calculation,  determined.  The  expresmon  can  of  courae 
be  easily  tranaformed  to  the  simpler  form,  f  tsF,(^)+«F,(0. 
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Tem- 
pera- 
ture. 

Specific 
gnyitj. 

Propor- 
tional parts 
for  1*0. 

Propor- 
tional parts 
for-00001 
increase  in 
spec.  graT. 

Tem- 
pera- 
ture. 

Specific 
gravibr. 

Propor- 
tional parts 
forPO. 

Propor- 
Uooalparts 
for-OUOOl 
increase  in 
specgrar. 

n 

•0000 

-0000 

o 

•0000 

-0000 

0 

1-02000 

3 

1 

19 

1-01740 

25 

0-944 

1 

1-01997 

4 

0-995 

20 

1-01715 

25 

0-943 

2 

1-01993 

5 

0-990 

21 

1-01690 

26 

0-941 

3 

1-01988 

6 

0-986 

22 

1-01664 

27 

0-940 

4 

1-01982 

8 

0-932 

23 

1-01637 

28 

0-938 

5 

1-01974 

9 

0-879 

24 

1-01609 

29 

0-937 

6 

1-01965 

11 

0-975 

25 

1-01580 

29 

0-935 

7 

1-01954 

12 

0-972 

26 

1-01551 

30 

0-934 

8 

1-01942 

13 

0-969 

27 

1-01521 

30 

0-932 

9 

1-01929 

14 

0-966 

28 

1-01491 

31 

0-930 

10 

1-01915 

15 

0-963 

29 

1-01460 

32 

0-928 

11 

1-01900 

17 

0-961 

30 

1-01428 

32 

0-925 

12 

1-01883 

17 

0-958 

31 

1-01396 

32 

0-922 

13 

1-01866 

19 

0-956 

32 

1-01364 

33 

0-919 

14 

1-01847 

20 

0-954 

33 

1-01331 

33 

0-915 

15 

1-01827 

21 

0-952 

34 

1-01298 

33 

0-912 

16 

1-01806 

21 

0-950 

35 

1-01265 

34 

0-908 

17 

1-01785 

22 

0-948 

36 

1-01231 

34 

0-903 

18 

1-01763 

23 

0-946 

opposite  18  in  Column  HI.  is  •00023,  which  multiplied  by  -5  equals 
•00011;  and 

l-017e3-*00011=l-01762. 

Subtract  this  from  the  observed  specific  gravity, 

l-02475-l-01752=:-00723. 

Divide  by  ^945  (the  number  corresponding  to  18*5),  and  the  quotient  is 
•00765,  which  added  to  1-02000  gives  1-02765  as  the  specific  gravity  at  0°C. 
Example  n.  Specific  gravity  observed  at  15**  C.  =»  1-02570. 

1-02570-.1-01827=-00743, 
and 

•00743 


•952 


=»-00780. 


Therefore  specific  gravity  at  0®  C.  =1-02780. 

We  next  discuss  the  discrepancies  which  occur  between  our  own 
results  and  those  of  Professor  Hubbard ;  and  we  point  out  various  cir- 
cumstances in  the  methods  employed  in  m  aking  and  reducing  the  latter 
observations  which  appear  to  us  to  explain  in  a  great  measuro  the 
divergences  which  exist. 


Digiti 


zed  by  Google 


1876.]         Action  of  Light  on  Tellurium  and  Selenium.  163 

II.  ''On  the  Action  of  Light  on  Tellurium  and  Selenium/^    By 
Prof.  W.  G.  Adams,  F.R.S.     Received  November  10,  1875. 

Two  platinum  wires  were  attached  to  the  ends  of  a  small  bar  of 
tellurium,  about  1  inch  in  length,  bj  heating  the  wires  to  a  bright  red 
heat  and  bringing  them  suddenly  in  contact,  one  with  each  end  of  the 
bar.  The  platinum  wires  melted  a  small  portion  of  the  tellurium,  and 
became  imbedded  in  it.  The  resistance  of  the  bar  and  wires  was  about 
half  an  ohm.  The  tellurium  was  placed  in  a  box,  and  its  resistance 
balanced ;  then  it  was  exposed  to  the  light  of  a  paraffin-lamp,  just  as  in 
the  experiments  with  selenium.  At  first  the  light  seemed  to  have  no 
effect ;  but  in  consequence  of  the  heat  from  the  lamp,  the  resistance  of 
the  tellurium  was  increased. 

On  placing  a  rectangular  vessel  of  water  between  the  lamp  and  the 
tellurium  and  then  exposing  as  before,  there  was  no  change  of  resistance 
in  the  tellurium,  showing  that  if  there  was  any  diminution  in  the  resist- 
ance due  to  the  action  of  light  it  was  entirely  balanced  by  the  increase  in 
the  resistance  due  to  heating  by  the  current  and  by  the  residual  portion 
of  the  radiant  heat. 

On  rephicing  the  rectangular  vessel  of  water  by  a  beaker  of  water,  so 
as  to  focus  the  light  of  the  lamp  on  the  tellurium,  there  was  found  on 
exposure  to  be  a  diminution  in  the  resistance  of  the  tellurium,  which  gra- 
dually increased  until  the  galvanometer-needle  was  deflected  through  30 
divisions  of  the  scale.  The  needle  was  then  brought  back  to  zero  by 
altering  one  of  the  slide-resistances  in  the  circuit.  The  agreement 
between  the  amounts  of  the  change  of  resistance  in  several  successive 
experiments,  with  intervals  between  them,  was  very  close.  Thus,  in 
three  experiments  on  October  8th, 

The  change  in  the  first  experiment  was  124  millims.  of  wire, 
„  „        second     „         „       120       „  „ 

„  „        third        „         „       122      „  „ 

showing  a  diminution  in  the  resistance  of  the  tellurium  amounting  to 
about  one  thousandth  part  of  its  whole  resistance  on  exposure  to  the 
light  of  the  paraffin-lamp. 

On  repeating  the  experiments  with  the  tellurium  which  had  not  been 
exposed  to  light  for  seven  days,  the  tellurium  was  found  to  be  much 
more  sensitive.  When  exposed  at  a  distance  of  about  half  a  metre,  as 
before,  to  the  paraffin-lamp  the  needle  was  gradually  deflected  through 
30  divisions  of  the  scale,  showing  that  the  resistance  of  the  tellurium 
was  now  diminished  as  much  without  interposing  the  beaker  of  water  as 
it  had  previously  been  when  the  beaker  was  interposed.  On  making  no 
change  whatever,  except  placmg  the  beaker  of  water  between  the  lamp 
and  the  tellurium,  so  as  to  focus  the  light  on  the  tellurium,  the  deflection 
of  the  needle  gradually  increased  to  80  and  then  more  slowly  to  100  divi- 
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Bions.  On  balancing  this  deflection,  it  was  found  that,  to  bring  the  needle 
to  zero,  it  was  necessary  to  diminish  the  slide-resistance  by  400  millims. 
Thus  the  diminution  produced  in  the  resistance  by  exposure  to  the  light 
of  the  parafGn-lamp  was  yf^part  of  the  whole  resistance  of  the  tellurium. 

On  exposing  the  selenium  bar  used  in  my  experiments  to  the  direct 
rays  of  the  same  paraffin-lamp  at  the  distance  of  1  metre,  the  resistance 
of  the  selenium  was  diminished  by  one  fifth  of  its  whole  resistance. 

Prom  the  above  experiment  we  see  that  at  the  distance  of  half  a  metre 
(that  is,  with  light  of  four  times  the  intensity)  the  change  of  resistance 
in  the  tellurium  under  the  same  conditions  is  only  jjf^  V^^  ^^  ^^^ 
whole  resistance. 

On  exposing  the  selenium  to  a  constant  source  of  light  at  dif- 
ferent distances,  the  change  in  the  resistance  of  the  selenium  on  ex- 
posure for  10  seconds  (as  measured  by  the  swing  of  the  galvanometer- 
needle)  is  almost  exactly  inversely  as  the  distance,  t.  e,  directly  as  the 
square  root  of  the  illuminating  power.  This  law  is  true  whether  the 
source  of  light  be  1  candle  or  an  Argand  lamp  whose  illuminating  power 
is  equal  to  16  candles. 

Taking  the  mean  of  a  number  of  experiments,  all  of  which  agreed 
pretty  well  together,  the  deflections  at  the  several  distances  were  : — 

At  ^  metre.    At  jf  metre.  At  1  metre.  At  2  metres. 

With  Argand  kmp 170  83  39 

„    candle 41  'l8  8 

„    candle 82  39  18  8 

Another  series  of  experiments  with  a  candle  and  Argand  lamp 
(when  the  illuminating  power  of  the  lamp  was  equal  to  12  candles),  both 
at  the  distance  of  1  metre,  gave  the  following  results : — 

With  the  candle  the  deflection  was  19  in  10  seconds. 
„        Argand  lamp      „  66  ,» 

The  ratio  of  the  deflections  is  very  nearly  1  to  3J. 

These  experiments  clearly  show  that  the  change  in  the  resistance  of 
the  selenium  is  directly  as  <7*«  square  root  of  the  illuminating  j>ower, 

[Corr^cHon, — ^In  my  former  paper  on  thie  subject  (Proo. Boy.  Soo.  toL  xxiii.  no.  163), 
on  page  536,  line  15,  omit  the  word  "opposing,"  and  line  21,  for  "which  opposes " 
read  "  in  the  same  direction  as ;"  also  on  page  539,  line  25,  for  "  which  opposes  a '' 
read  "  in  the  same  direction  as  the";  to  the  end  of  line  26  add  "  but  in  the  opposite 
direction.**] 


III.  '^  On  the  Refraction  of  Sound  by  the  Atmosphere."    By  Prof. 
Osborne  Reynolds^  Owens  College^  Manchester.    Communi- 
cated by  Prof.  Stokes,  Sec.  R.S,  Received  November  22, 1875. 
(Abstract.) 
This  paper  maybe  said  to  consist  of  two  divisions.    The  first  contains 
an  account  of  someexperiments^^p''''^*^ervations  nndertaken  with  a  view 
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to  ascertain  how  far  the  refraction  of  sound  caused  by  the  upward  variation 
of  temperature  may  be  the  cause  of  the  difference  in  the  distances  to 
which  sounds  of  the  same  intensity  may  be  heard  at  different  times. 

Some  rockets,  capable  of  rising  1000  feet  and  then  exploding  a  cartridge 
containing  12  oz.  of  powder,  having  been  procured,  an  effort  was  made 
to  compare  the  distance  at  which  the  rockets  could  be  heard  with  that  at 
which  a  gun,  firing  |  lb.  of  powder  and  making  a  louder  report  than  the 
rockets,  could  beheurd  under  the  same  conditions  of  the  atmosphere.  In 
the  first  instance  the  rockets  and  the  gun  were  fired  from  a  spot  in 
Suffolk  around  which  the  country  is  tolerably  flat,  observers  being 
stationed  at  different  distances.  Owing,  however,  to  the  effect  of  the 
wind  and  the  time  required  for  the  observers  to  proceed  to  the  distant 
stations,  these  experiments  were  not  successful  in  establishing  the  com- 
parative merits  of  the  gun  and  the  rockets.  They  were,  however, 
important  as  showing  that  on  hot  calm  days  in  July  the  reports  of  the 
rockets  never  failed  to  be  distinctly  audible  at  distances  of  4  and  5  miles, 
although  the  sun  at  the  time  was  shining  with  full  force  on  the  ground 
and  rendering  the  air  near  the  surface  so  heterogeneous  that  distant 
objects  seen  through  it  appeared  to  wave  about  and  twinkle. 

The  next  attempt  was  made  during  a  cruise  on  the  east  coast.  After 
three  weeks  cold  and  windy  weather,  the  19th  of  August  was  a  fine  day ; 
and  some  experiments  were  made  in  Lynn  Deeps,  which  revealed  a  very 
extraordinary  state  of  the  atmosphere  as  regards  the  transmission  of 
sound.  A  party  rowed  away  from  the  yacht  in  one  of  her  boats,  it 
having  been  arranged  beforehand  that  either  a  rocket  or  a  large  pistol 
was  to  be  fired  from  the  yacht  when  signalled  for ;  also  that  when  those 
on  the  yacht  heard  those  in  the  boat  call  they  should  answer.  The  boat 
proceeded  to  a  distance  of  5  miles,  until  those  on  the  yacht  had  com- 
pletely lost  sight  of  it ;  but  all  the  time  the  calls  from  the  boat  were 
distinctly  heard  by  those  on  the  yacht,  although  after  they  had  lost  sight 
of  the  boat  they  ceased  to  answer  the  calls.  On  the  boat  also  not  only 
were  the  reports  of  the  pistol  and  rockets  distinctly  heard,  but  every 
answer  from  the  yacht  was  heard  plainly.  The  last  came  after  an 
interval  of  35  seconds,  which  gave  the  distiuxce  3|  miles.  Nor  was  this 
all ;  but  guns,  and  on  one  occasion  the  barking  of  a  dog,  on  the  shore 
8  miles  distant  were  distinctly  heard,  as  were  also  the  paddles  of  a 
steamer  15  miles  distant. 

The  day  was  perfectly  cahn,  there  was  no  wind,  the  sky  was  quite  dear, 
and  the  sun  was  shining  with  great  power— conditions  which  have  been 
described  as  most  &vourable  to  the  stoppage  of  the  sound  by  the  hetero- 
geneity of  the  atmosphere,  and  which  may  also  be  described  as  most 
favourable  for  great  upward  refraction.  On  this  day,  however,  it  was 
observed  that  all  the  time  distant  objects  loomed  considerably,  ue.  appeared 
lifted.  This  showed  that  the  air  was  colder  near  the  surface  of  the  sea 
than  it  was  above.    It  is  to  this  circumstance  that  the  extraordinary 
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distances  to  which  sounds  were  heard  on  this  day  is  supposed  to  be  due. 
The  diminution  in  the  temperature  of  the  air  being  downwards,  the  sound, 
instead  of  being  lifted  as  it  usuallj  is,  was  brought  down,  and  thus 
intensified  at  the  surface  of  the  water,  which,  being  perfectly  smooth, 
was  thus  converted  into  a  sort  of  whispering-gallery. 

The  report  of  the  pistol  and  the  sounds  of  the  voice  were  attended  with 
echoes,  but  not  so  the  reports  of  the  rockets ;  and  it  is  suggested  that 
these  so-called  echoes  may  be  found  only  to  attend  sounds  having  a 
greater  intensity  in  one  direction  than  in  another. 

The  second  part  of  the  paper  refers  to  a  phenomenon  noticed  by  Arago 
in  his  report  of  the  celebrated  experiments  on  the  velocity  of  sound  made 
on  the  nights  of  the  21st  and  22nd  of  June,  1822. 

It  was  then  foimd  that,  although  the  guns  fired  at  Montlh^ry  could  be 
difltinotly  heard  at  Yillejuif  (11  .miles  distant),  those  fired  at  Yillejuif 
could  not  be  heard  at  Montlh^ry  without  great  attention,  and  at  times 
(particularly  on  the  second  night)  they  were  not  heard  at  all — although 
on  both  nights  the  wind  was  blovmig  from  Yillejuif  to  Montlh^ry,  the 
speed  of  the  wind,  which  was  very  light,  being  about  1  foot  per  second. 
No  explanation  of  this  phenomenon  was  offered  by  the  observers,  although 
it  was  much  commented  on.  And  on  the  second  night  the  gun  at  Yillejuif, 
which  on  the  previous  night  had  been  pointed  upward,  was  brought  down 
in  the  hope  that  this  might  improve  its  audibility  (this  step,  however,  was 
found  to  render  matters  worse  than  before). 

Erom  this  lowering  of  the  gun  at  Yillejuif  it  seemed  as  though  there 
was  probably  some  difference  in  the  conditions  under  which  the  guns  at 
the  two  stations  were  placed,  as  if :  that  at  Yillejuif  was  fired  from  a 
level,  while  that  at  Montlh^ry  might  be  fired  over  a  parapet.  An  inspec- 
tion of  the  district  confirmed  .this  view ;  for  Yillejuif  is  on  a  low  flat  hill, 
while  Montlhery  is  on  the  top  of  a  steep  cone ;  and  not  only  is  it  80  feet 
above  Yillejuif,  but  it  is  surmounted  by  the  mound  of  an  old  castle,  which 
is  supported  by  a  vertical  wall  towards  Yillejuif  and  surrounded  by  a  low 
rampart.  Hence  it  is  suggested  that  in  all  probability  the  advantage  of 
the  gun  at  Montlhery  was  due  to  its  being  fired  over  this  parapet,  while 
that  at  Yillejuif  was  fired  from  the  level  ground. 

The  fact  that  the  wind  blowing  from  Yillejuif  did  not  reverse  this 
advantage,  suggested  the  possibility  that  at  night,  when  the  diminution  of 
temperature  is  downward,  a  Hght  wind  may  not  produce  the  same  effect 
upon  sound  as  when  the  diminution  of  temperature  is  upward,  as  it 
generally  is  during  the  day. 

To  ascertain  if  this  is  the  case,  some  observations  were  made  on  some 
calm  nights  in  May  and  June  of  the  present  year,  from  which  it  was 
found : — 

(1)  That  when  the  sky  was  cloudy  and  there  was  no  dew,  the  sound  of  an 
electric  bell  1  foot  above  the  grass  could  always  be  heard  further  with  the 
wind  than  against  it ;  but 
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(2)  that  when  the  sky  was  clear  and  there  was  a  heavy  dew,  the  sound 
could  inyariably  be  heard  as  far  against  a  light  wind  as  with  it,  and  in 
some  cases  much  further.  On  one  occasion,  when  the  temperature  at  1 
foot  abore  the  grass  was  38°  and  at  8  feet  47°,  and  the  speed  of  the  wind 
was  1  foot  per  second  at  5  feet  above  the  grass,  the  bell  was  heard  440 
yards  against  the  wind  and  only  270  with  it. 

Since,  therefore,  on  the  nights  of  the  experiments  at  Yillejuif  and 
Montlh^ry  it  is  stated  that  the  sky  was  clear,  that  there  was  dew,  and 
the  temperature  recorded  at  the  two  stations  shows  the  diminution  to 
have  been  downwards,  it  is  argued  that  the  effect  of  the  wind  to  render 
the  sound  less  audible  at  Yillejuif  was  completely  balanced  by  the  down- 
ward refraction  of  temperature. 

Another  phenomenon  recorded  by  Arago  is,  that  while  the  reports  of 
the  guns  at  Montlhery  as  heard  at  that  station  were  attended  with 
prolonged  echoes,  this  was  not  the  case  with  those  at  Yillejuif.  It  is 
thought  that  this  difference  is  sufficiently  accounted  for  by  the  fact  that 
while  Montlhery  is  surrounded  by  high  hills  with  precipitous  or  wooded 
sides,  which  must  produce  echoes,  the  country  in  front  of  Yillejuif  is 
very  flat  and  has  not  a  tree  upon  it  for  miles. 

In  concluding  the  paper  reference  is  made  to  the  Appendix  to  the  last 
Beport  of  the  American  Lighthouse  Board,  in  which  Dr.  Henry,  the 
Chairman,  gives  an  account  of  his  experiments,  extending  over  thirty 
years,  and  the  conclusions  to  which  they  have  led  him,  both  of  which 
are  in  &vour  of  the  apparent  stoppage  of  the  sound  being  due  to 
refraction. 


IV.  ''  On  the  Length  of  the  Spark  from  a  Battery  of  600, 1200, 
1800,  and  2400  rod-Chloride-of- Silver  Cells,  and  some  Phe- 
nomena  attending  the  Discharge  of  5640  Cells.''  By  Warrbn 
Db  La  Rub,  D.C.L.,  F.R.S.,  and  Hugo  W.  Mullbe,  Ph.D., 
F.R.S.     Received  January  6,  1876. 

On  the  24th  February,  1876  ♦,  we  had  the  honour  of  communicating 
to  the  Society,  in  conjunction  with  our  friend  Mr.  Spottiswoode,  an 
account  of  some  experiments  to  ascertain  the  cause  of  stratification  in 
electrical  discharges  in  vacuo.  These  experiment^si  were  made  with  a 
battery  of  1080  cells  of  powder  chloride  of  silver,  which  was  described ; 
we  have  now  in  action  3240  such  cells,  and  have  recently  completed 
2400  rod-chloride-of-silver  cells  t,  making  our  total  force  5640  cells  in 
action.  To  these  will  be  shortly  added  another  unit  of  1080  cells 
powder  chloride,  and  two  other  units  of  1200  rod  chloride,  making  a 
total  of  9120  cells. 

We  have  more  recently  made  a  verbal  communication  to  the  Society  of 

»  Proc  Boy.  Boo.  no.  160, 1876.  t  IMd.  p.  367. 
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Telegraph  Engineers,  and  also  in  October  last  a  written  one  to  the  Aca- 
d^mie  des  Sciences  of  Paris  *,  wherein  we  have  stated  that  the  length 
of  the  spark  in  air  appears  to  be  in  the  direct  ratio  of  the  square  of  tjie 
number  of  cells. 

Having  completed  the  2400  cells,  and  charged  them  up  in  a  single  day, 
they  were  exactly  in  the  same  condition  as  to  electromotive  force  and 
internal  resistance;  consequently  they  afforded  the  means  of  testing 
the  truth  of  the  law  of  the  length  of  spark  in  a  manner  more  effica- 
cious than  had  hitherto  obtained,  the  more  especially  as  by  the  use  of 
paraffin  corks  and  other  precautions  we  had  obtained  an  excellent  insu- 
lation. 

Our  assistant,  Mr.  Eram,  has  constructed  a  discharger  which  permits 
of  the  accurate  measurement  of  the  distance  of  the  terminals  to  read  to 
YoW  ^^  ^^  ^^^  ^^^  ^y  estimation  to  the  tenth  of  that  qiumtity.  The 
nut  through  which  the  screw  (^>^f-an-inch  thread)  carrying  one  of  the  ter- 
minals works  is  divided  into  two  parts,  which  are  separated  by  a  spiral 
pressure-spring  so  as  to  prevent  shake.  In  making  measurements  the  ter- 
minals are  separated  to  a  greater  quantity  than  the  anticipated  striking- 
distance,  and  gradually  approached  until  the  spark  passes ;  the  discharger 
is  then  detached  from  the  battery,  and,  after  reading  the  scale,  connected 
up  with  a  separate  battery  of  10  cells,  with  a  detector-galvanometer  in 
circuit.  The  terminals  are  again  approached  until  the  motioned  the 
galvanometer  indicates  contact  between  them ;  the  scale  is  again  read, 
and  the  length  of  spark  obtained  by  the  difference  between  the  first  and 
second  reading. 

Bod  chloride,  600  cells  had  a  striking-distance  of  0*0033  in. 

1200  „  „  0-0130  „ 

„  1800  „  „  0-0345  „ 

2400  „  „  0-0535  „ 

Taking  as  the  unit  600  cells,  the  spark  of  which  was  0*0033,  the  length 
of  spark  of  1200, 1800,  2400  would,  according  to  theory,  be  that  number 
multiplied  by  the  square  of  2,  3,  4  respectively. 

600  cells,  striking-distance    0*0033  in. 

1200  „  0-0033  X  4 0-0132  „ 

1800  „  0-0033  X   9 0-0297  „ 

2400  „  0-0033  X 16 0-0528  „ 

which  numbers  agree  nearly  with  those  obtained  by  experiment. 

The  length  of  the  spark  is  much  influenced  by  the  shape  of  the  ter- 
minals ;  those  which  we  frequently  employ  consist  of  a  point  as  one  ter- 
minal and  a  plane  for  the  other.  Hitherto  we  have  used  copper  terminals, 
making  the  point  and  the  plane  alternately  positive  and  negative  by 
♦  Comptos  Bendus,  no.  16,  p.  686,  &  no.  17,  p.  746  (1875). 
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means  of  a  doable  key  discharger,  or  by  a  rapidly  reyolving  commatator 
reversing  up  to  352  times  in  a  second.  One  terminal  in  the  above 
determinations  consisted  of  a  point  of  30^  and  the  other  of  a  slightly 
convex  surface  0*46  inch  in  diameter. 

While  making  these  measurements,  we  noticed  in  a  nearly  dark  room 
that  when  the  point  was  negative  a  glow,  in  form  like  a  paraboloid,  was 
seen  surrounding  it  long  before  i^e  spark  passed,  and  its  appearance 
afEorded,  by  its  increasing  brilliancy,  useful  information  to  guide  us  as  to 
the  more  cautious  approach  of  the  terminals ;  gradually  the  sugar-loaf-like 
glow  extended  to  the  positive  terminal.  With  1800  cells  the  glow  was 
seen  when  the  terminals  were  0*0545  inch  apart,  the  spark  passing  at 
0-0345  inch ;  with  2400  cells  the  glow  began  at  a  distance  of  0*0865  inch, 
the  spark  passing  at  0*0535  inch.  Moreover  it  was  noticed  that  the  disk 
(positive)  became  covered  all  over  with  a  peach-like  bloom,  which  became 
stronger  in  the  centre  as  the  terminals  were  made  to  approach  each  other, 
giving  rise  to  Newton's  iridescent  rings. 

In  order  to  study  more  readily  the  phenomena  accompanying  the  glow 
preceding  the  spark,  the  whole  series  of  5640  cells  was  used,  the  terminals 
being  a  point  as  before  of  30°  for  one,  and  sometimes  a  flat  disk  1*1  inch 
in  diameter  or  a  slightly  convex  one  of  0*8  inch  in  diameter  for  the 
other.  In  all  cases  a  peach-like  bloom  deposited  on  the  disk,  which  was 
'  connected  with  the  silver  (positive)  terminal ;  and  when  the  flat  disk  was 
used  the  deposit  was  notobly  greater  at  the  periphery  and  the  centre 
than  in  other  portions  of  it.    With  this  number  of  cells, 

With  the  flat  disk  the  glow  occurred  at  1*073  in.,  the  spark  at  0*139  in. 
With  the  slightly  convex  disk       „        1*124  in,         „  0*140 in.* 

To  ascertain  whether  a  current  really  passed  when  the  glow  appeared, 
various  vacuum-tubes  were  interposed  in  circuit  between  the  battery  and 
one  of  the  terminals ;  in  all  cases  they  were  illuminated  even  before  a 
glow  was  perceptible  on  the  negative  pole ;  their  interposition,  as  was  to 
be  expected,  shortened  the  spark  and  diminished  the  distance  at  which 
the  glow  was  perceptible.  For  example,  with  a  hydrogen  tube,  having  a 
capillary  portion  between  two  larger  tubes,  such  as  is  used  for  spectrum 
experiments,  and  ofEering  a  resistance  of  190,000  ohms,  the  glow  occurred 
at  0-939  inch,  the  spark  at  0*092  inch. 

A  tube  of  31  inches  between  the  terminals,  and  offering  a  resistance  of 
350,000  ohms,  was  brilliantly  illuminated  when  interposed  between  one 
terminal  and  the  battery ;  vAien  the  terminals  were  separated  the  ex- 
treme range  of  the  discharge  was  1*2  inch,  and  before  any  glow  was  visible 
at  the  negative  electrode.    How  much  further  between  the  electrodes  it 

*  TotUcript,  Jan.  7ih.— At  the  soggeeiion  of  Frofeflsor  Stokei^  who  saw  the  experi- 
ment repeated,  the  point  was  made  poaitive,  when  a  longer  apark  waaobtained,  namely 
0-154  inch  and  0*164  inch. 


Digiti 


zed  by  Google 


170  On  the  Length  qf  Electric  Sparks.  [Jan.  13, 

will  be  possible  to  obtain  a  current  has  yet  to  be  determined  with  a 
larger  discharger  now  in  course  of  construction*. 

We  haye  alluded  to  the  resistance  ofEered  hj  Tacuum-tubes.  At  first  we 
experienced  considerable  difficulty  in  measuring  it.  Eor  example,  when 
in  a  Wheatstone's  bridge  the  resistance  of  the  tube  was  balanced  by 
inserted  resistances,  the  galvanometer  could  only  for  a  short  time  be 
brought  to  rest,  and  it  was  then  found  that  the  cause  of  this  was  that 
the  tubes  rapidly  increased  in  resistance  as  the  current  passed.  After  a 
time,  howeyer,  they  recovered  their  original  resistance,  sometimes  rapidly, 
sometimes  only  after  the  lapse  of  days.  The  resistances  were  found  not 
to  be  dependent  on  the  length  of  tube,  but  to  a  great  extent  on  their 
bore,  capillary  tubes  ofEering  a  considerable  resistance.  Ultimately  it 
was  found  that  it  was  better  to  discard  the  indications  of  the  galva- 
nometer, and  to  rely  solely  on  the  appearance  of  a  luminosity  in  the  tubes 
placed  on  one  side  of  Wheatstone's  bridge  as  soon  as  the  insertion  of  a 
balancing  resistance  was  made  in  the  other. 

Later  on  we  hope  to  have  the  honour  of  sending  to  the  Society  a  more 
detailed  statement  of  our  experiments  in  support  of  those  now  quoted, 
and  in  confirmation  of  our  former  paper  on  the  cause  of  stratification  in 
electric  discharges  in  vacuo. 

In  conclusion  we  venture  to  draw  attention  to  the  following  consequences 
of  the  law  of  the  length  of  spark  being  dependent  on  the  ratio  of  the  square 
of  the  number  of  cells  of  a  voltaic  battery,  in  the  event  of  its  being  con- 
firmed by  experiment.  Taking  as  a  basis  the  spark  with  600  cells  of  the 
rod-chloride-of-silver  battery  s=  0*0033  inch,  a  unit  of  1000  such  cells 

,^    .               ^       -0033x1000'       ^^^^^«^.    ^ 
would  give  a  spark  of    g^QS *=  0-009166  inch, 

one  hundred  imits  (100,000)  a  spark  of  91*66  inches, 

a  thousand  units  (1,000,000)        „         9166  inche8s=764  feet  nearly, 

whereas  a  single  cell  would  have  a  striking-stance  of  ^^^^qqq  of  an 
inch  only.  As  far  as  our  own  experiments  have  gone  the  law  has  been 
confirmed ;  and  although  a  million  cells  will  probably  never  be  made,  a 
hundred  thousand  come  within  the  range  of  experimental  possibility. 


January  18, 1876. 

Dr.  J.  DALTON  HOOKEE,  C.B.,  President,  in  the  Chair. 
The  following  Paper  was  read : — 


*  Postscript,  Jan.  8th. — A  current  was  obtained  with  the  negatiye  point  distant 
5*1  inches  from  a  podtiye  plate  6  inohee  in  diameter. 
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''On  the  Optical  Deportment  of  the  Atmosphere  in  reference 
to  the  Phenomena  of  Putrefaction  and  Infection/'  By  John 
Ttndall^  P,a.S.    Received  January  24,  1876. 

The  author  refers  in  an  Introduction  to  an  inquiry  on  the  deoomposi-* 
tion  of  yapours  and  the  formation  of  addye  clouds  by  light,  whereby  he 
was  led  to  experiment  on  the  floating  matter  of  the  air.  He  refers  to 
the  experiments  of  Schwann,  Schroder,  and  Dusch,  Schroder  himself,  to 
those  of  the  illustrious  Erench  chemist  Pasteur,  to  the  reasoning  of 
Lister  and  its  experimental  verification  regarding  the  filtering-power 
of  the  lungs ;  from  all  of  which  he  concluded,  six  years  ago,  that  the 
power  of  developing  life  by  the  air,  and  its  power  of  scattering  light, 
would  be  found  to  go  hand  in  hand.  He  thought  the  simple  expedient 
of  examining  by  means  of  a  beam  of  light,  while  the  eye  was  kept  sen* 
sitive  by  darkness,  the  character  of  the  medium  in  which  their  experi- 
ments were  conducted  could  not  &il  to  be  useful  to  workers  in  this 
field.  But  the  method  has  not  been  much  turned  to  account ;  and  this 
year  he  thought  it  worth  while  to  devote  some  time  to  the  more  complete 
demonstration  of  its  utility. 

He  also  wished  to  free  his  mind,  and  if  possible  the  minds  of  others, 
from  the  uncertainty  and  confusion  which  now  beset  the  doctrine  of 
"  spontaneous  generation."  Pasteur  has  pronounced  it  "  a  chimera,''  and 
expressed  the  undoubting  conviction  that  this  being  so  it  is  possible  to 
remove  parasitic  diseases  from  the  earth.  To  the  medical  profession, 
therefore,  and  through  them  to  humanity  at  large,  this  question  is  one  of 
the  bst  importance.  But  the  state  of  medical  opinion  regarding  it  is  not 
satisfactory.  In  a  recent  Number  of  the  *  British  Medical  Journal,'  and 
in  answer  to  the  question,  *'  In  what  way  is  contagium  generated  and 
communicated?"  Messrs.  Braidwood  and  Yacher  reply  that,  notwith- 
standing *'  an  almost  incalculable  amount  of  patient  labour,  the  actual 
results  obtained,  especially  as  regards  the  manner  of  generation  of  con- 
tagium, have  been  most  disappointing.  Observers  are  even  yet  at  vari- 
ance whether  these  minute  particles,  whose  discovery  we  have  just  noticed, 
and  other  disease-germs,  are  always  produced  from  like  bodies  previously 
existing,  or  whether  they  do  not,  under  certain  &vourable  conditions, 
spring  into  existence  de  novo.** 

With  a  view  to  the  possible  diminution  of  the  uncertainty  thus  de- 
scribed, the  author  submits  without  further  preface  to  the  Boyal  Society, 
and  especially  to  those  who  study  the  sDtiology  of  disease,  a  description 
of  the  mode  of  procediure  followed  in  this  inquiry  and  the  results  to 
which  it  has  led. 

A  number  of  chambers,  or  cases,  were  constructed,  each  with  a 
glass  front,  its  top,  bottom,  back,  and  sides  being  of  wood.  At  the 
back  is  a  little  door  which  opens  and  closes  on  hinges,  while  into  the 
sides  are  inserted  two  panes  of  glass,  facing  each  other.    The  top  is  per- 
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f  orated  in  the  middle  by  a  hole  2  inches  in  diameter,  closed  air-tight  by 
a  sheet  of  india-rubber.  This  sheet  is  pierced  in  the  middle  by  a  pin, 
and  through  the  pin-hole  is  passed  the  shank  of  a  long  pipette  ending 
above  in  a  small  funnel*  A  circular  tin  collar,  2  inches  in  diameter  and 
1|  inch  high,  surrounds  the  pipette,  the  space  between  both  being  packed 
with  cotton-wool  moistened  by  glycerine*  Thus  the  pipette^  in  moving 
up  and  down,  is  not  only  firmly  dasped  by  the  india-rubber,  but  it  also 
passes  through  a  stuffing-box  of  sticky  cotton-wool.  The  width  of  the 
aperture  closed  by  the  india-rubber  secures  the  free  lateral  pky  of  the 
lower  end  of  the  pipette.  Into  two  other  smaller  apertures  in  the  top  of 
the  cupboard  are  inserted,  air-tight,  the  open  ends  of  two  narrow  tubes, 
intended  to  connect  the  interior  space  with  the  atmosphere.  The  tubes 
are  bent  several  times  up  and  down,. so  as  to  intercept  and  retain  the 
particles  carried  by  such  feeble  currents  as  changes  of  temperature  might 
cause  to  set  in  between  the  outer  and  the  inner  air. 

The  bottom  of  the  box  is  pierced,  sometimes  with  two  rows,  sometimes 
with  a  single  row  of  apertures,  in  which  are  fixed,  air-tight,  large  test-tubes, 
intended  to  contain  the  liquid  to  be  exposed  to  the  action  of  the  mote- 
less  air. 

On  the  10th  of  September  the  first  case  of  this  kind  was  dosed.  The 
passage  of  a  concentrated  beam  across  it  through  its  two  side  windows 
then  showed  the  air  within  it  to  be  laden  with  floating  matter.  On  the 
Idth  it  was  again  examined.  Before  the  beam  entered  and  after  it 
quitted  the  case  its  track  was  vivid  in  the  air,  but  within  the  case  it 
vanished.  Three  days  of  quiet  sufficed  to  cause  all  the  floating  matter 
to  be  deposited  on  the  sides  and  bottom,  where  it  was  retained  by  a 
coating  of  glycerine,  with  which  the  interior  surface  of  the  case  had  been 
purposely  varnished.  The  test-tubes  were  then  filled  through  the  pipette, 
boiled  for  five  minutes  in  a  bath  of  brine  or  oil,  and  abandoned  to  the 
action  of  the  moteless  air.  During  ebullition  aqueous  vapour  rose  from 
the  liquid  into  the  chamber,  where  it  was  for  the  most  part  condensed, 
the  uncondensed  portion  escaping,  at  a  low  temperature,  through  the  bent 
tubes  at  the  top.  Before  the  brine  was  removed  little  stoppers  of  cotton- 
wool were  inserted  in  the  bent  tubes,  lest  the  entrance  of  the  air  into  the 
cooling  chamber  should  at  first  be  fordble  enough  to  carry  motes  along 
with  it.  As  soon,  however,  as  the  ambient  temperature  was  assumed  by 
the  air  within  the  case  the  cotton-wool  stoppers  were  removed. 

We  have  here  the  oxygen,  nitrogen,  carbonic  add,  ammonia,  aqueous 
vapour,  and  all  the  other  gaseous  matters  which  mingle  more  or  less 
with  the  air  of  a  great  dty.  We  have  them,  moreover,  "  untortured  " 
by  caldnation  and  unchanged  even  by  filtration  or  manipulation  of  any 
kind.  The  question  now  before  us  is,  can  air  thus  retaining  all  its 
gaseous  mixtures,  but  self-cleansed  from  medianically  suspended  matter, 
produce  putrefaction  ?  To  this  question  both  the  animal  and  vegetable 
worlds  return  a  dedded  negative. 


Digiti 


zed  by  Google 


1876.]  Phenomena  of  Putrefaction  and  Infection.  1 78 

Among  vegetables  experiments  Iiave  been  made  with  hay,  turnips, 
tea,  coffee,  hops,  repeated  in  various  ways  with  both  add  and  alkaline 
infusions.  Among  animal  substances  are  to  be  mentioned  many  ex- 
periments with  urine ;  while  beef,  mutton,  hare,  rabbit,  kidney,  liver, 
fowl,  pheasant,  grouse,  haddock,  sole,  salmon,  cod,  turbot,  mullet,  herring, 
whiting,  eel,  oyster  have  been  all  subjected  to  experiment. 

The  result  is  that  infusions  of  these  substances  exposed  to  the  common 
air  of  the  Boyal  Institution  laboratory,  maintained  at  a  temperature  of 
from  60°  to  70®  Pahr.,  all  fell  into  putrefaction  in  the  course  of  from 
two  to  four  days.  No  matter  where  the  infusions  were  placed,  they 
were  in&Uibly  smitten  in  the  end.  The  number  of  the  tubes  containing 
infusions  was  multiplied  till  it  reached  six  hundred,  but  not  one  of  them 
escaped  infection. 

In  no  single  instance,  on  the  other  hand,  did  the  air  which  had  been 
proved  moteless  by  the  searching  beam  prove  itself,  even  when  raised 
to  temperatures  varying  from  80°  to  90°  to  possess  the  least  power 
of  producing  Bacterial  life  or  the  associated  phenomena  of  putre- 
faction. Tha  power  of  developing  such  life  in  atmospheric  air,  and 
the  power  of  scattering  of  light,  are  thus  proved  to  be  indissolubly 
united. 

The  sole  condition  necessary  to  cause  these  long^ormant  infusions  to 
Bwarm  with  active  life  is  the  access  of  the  floating  matter  of  the  air. 
After  having  remamed  for  four  months  as  pellucid  as  distilled  water, 
the  opening  of  the  back  door  of  the  protecting  case,  and  the  consequent 
admission  of  the  mote-laden  air,  sufficed  in  three  days  to  render  the 
infusions  putrid  and  full  of  life. 

That  such  life  arises  from  mechanically  suspended  particles  is  thus 
reduced  to  ocular  demonstration. 

Let  us  inquire  a  little  more  closely  into  the  character  of  the  particles 
which  produce  the  life.  Pour  eau  de  Cologne  into  water,  a  white  predpi- 
tate  renders  the  liquid  milky.  Or,  imitating  Briicke,  dissolve  dean  gmn 
mastic  in  alcohol,  and  drop  it  into  water,  the  mastic  is  predpitated,  and 
milkiness  produced.  If  the  solution  be  veiy  strong  the  mastic  separates 
in  curds ;  but  by  gradually  diluting  the  alcoholic  solution  we  finally  reach 
a  point  where  the  milkiness  disappears,  the  liquid  assuming,  by  reflected 
light,  a  bright  cerulean  hue.  It  is,  in  point  of  fact,  the  colour  of  the  sky, 
und  is  due  to  a  similar  cause,  namely,  the  scattering  of  light  by  particles, 
0mall  in  comparison  to  the  size  of  the  waves  of  light. 

When  this  liquid  is  examined  by  the  highest  microscopic  power  it 
seems  as  uniform  as  distilled  water.  The  mastic  particles,  though  in- 
numerable, entirely  elude  the  microscope.  At  right  angles  to  a  luminous 
beam  passing  among  the  particles  they  discharge  perfectly  polarized 
li^t.  The  optical  deportment  of  the  floating  matter  of  the  air  proves  it 
to  be  composed  in  part  of  partides  of  this  excessively  minute  character. 
When  the  track  of  a  parallel  beam  in  dusty  air  is  looked  at  horizontally 
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through  a  Niool's  prism,  in  a  direction  perpendicular  to  the  beam,  the 
longer  diagonal  of  the  prism  being  vertical,  a  considerable  portion  of  the 
light  from  the  finer  matter  is  extinguished.  The  coarser  motes,  on  the 
other  hand,  flash  out  with  greater  force,  because  of  the  increased  dark- 
ness of  the  space  around  them.  It  is  among  the  finest  ultra-microscopic 
particles  that  the  author  shows  that  the  matter  potential  as  regards  the 
development  of  Bacterial  life  is  to  be  sought. 

But  though  they  are  beyond  the  reach  of  the  microscope,  the  existence 
of  these  particles,  foreign  to  the  atmosphere  but  floating  in  it,  is  as 
oerfcain  as  if  they  could  be  felt  between  the  fingers  or  seen  by  the  naked 
eye.  Supposing  them  to  augment  in  magnitude  until  they  come,  not 
only  within  rjtnge  of  the  microscope,  but  within  range  of  the  unaided 
senses.  Let  it  be  assumed  that  our  knowledge  of  them  imder  these  cir- 
cumstances remains  as  defective  as  it  is  now — that  we  do  not  know 
whether  they  are  germs,  particles  of  dead  organic  dust,  or  particles  of 
mineral  matter.  Suppose  a  vessel  (say  a  flower-pot)  to  be  at  hand  filled 
with  nutritious  earth,  with  which  we  mix  our  unknown  particles,  and 
that  in  forty-eight  hours  subsequently  buds  and  blades  of  well-defined 
cresses  and  grasses  appear  above  the  soiL  Suppose  the  experiment  when 
repeated  over  and  over  again  to  yield  the  same  unvarying  result.  What 
would  be  our  conclusion  ?  Should  we  regard  those  living  plants  as  the 
products  of  dead  dust  or  mineral  particles,  or  should  we  regard  them  as 
the  offspring  of  living  seeds?  The  reply  is  unavoidable.  We  should 
undoubtedly  consider  the  experiment  with  the  flower-pot  as  clearing  up 
our  preexisting  ignorance ;  we  should  regard  the  fact  of  their  producing 
cresses  and  grasses  as  proof  positive  that  the  particles  sown  in  the  earth 
of  the  pot  were  the  seeds  of  the  plants  which  have  grown  from 
them.  It  would  be  simply  monstrous  to  conclude  that  they  had  been 
"  spontaneously  generated." 

This  reasoning  applies  word  for  word  to  the  development  of  Bacteria 
from  that  floating  matter  which  the  electric  beam  reveals  in  the  air,  and 
in  the  absence  of  which  no  Bacterial  life  has  been  generated.  There 
seems  no  flaw  in  this  reasoning ;  and  it  is  so  simple  as  to  render  it  unlikely 
that  the  notion  of  Bacterial  life  developed  from  dead  dust  can  ever  gain 
currency  among  the  members  of  a  great  scientific  profession. 

A  novel  mode  of  experiment  has  been  here  pursued,  and  it  may  be 
urged  that  the  conditions  laid  down  by  other  investigators  in  this  field, 
which  have  led  to  different  results,  have  not  been  strictly  adhered  to. 
To  secure  accuracy  in  relation  to  these  differences,  the  latest  words  of  a 
writer  on  this  question,  who  has  materially  influenced  medical  thought 
both  in  this  country  and  in  America,  are  quoted.  "  We  know,"  he  says, 
"  that  boiled  turnip-  or  hay-infusions  exposed  to  ordinary  air,  exposed  to 
filtered  air,  to  calcined  air,  or  shut  off  altogether  from  contact  with  air, 
are  more  or  less  prone  to  swarm  with  Bacteria  and  Vihrumes  in  the 
course  of  from  two  to  six  days.*'    Who  the  "  we"  are  who  possess  this 
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knowledge  is  not  stated.  The  author  is  certainly  not  among  the 
number,  though  he  has  sought  anxiously  for  knowledge  of  the  kind.  He 
thos  tests  the  statements  in  succession. 

And  first,  with  regard  to  filtered  air.  A  group  of  twelve  large  test-tubes 
was  caused  to  pass  air-tight  through  a  slab  of  wood.  The  wood  was  coated 
with  cement,  in  which,  while  hot,  a  heated  "  propagating-glass  "  resem- 
bling a  large  bell- jar  was  imbedded.  The  air  within  the  jar  was  pumped 
out  several  times,  air  filtered  through  a  plug  of  cotton-wool  being  per- 
mitted to  supply  its  place.  The  test-tubes  contained  infusions  of  hay, 
turnip,  beef,  and  mutton — ^three  of  each,  twelve  in  all.  They  are  as 
clear  and  cloudless  at  the  present  moment  as  they  were  upon  the  day  of 
their  introduction ;  while  twelve  similar  tubes,  prepared  at  the  same 
time,  in  precisely  the  same  way,  and  exposed  to  the  ordinary  air,  are 
clogged  with  mycelium,  mould,  and  Bacteria, 

With  regard  to  the  calcined  air,  a  similar  propagating-glass  was  caused 
to  cover  twelve  other  tubes  filled  with  the  same  infusions.  The  "  glass  " 
was  exhausted  and  carefully  filled  with  air  which  had  passed  through  a 
red-hot  platinum  tube  containing  a  roll  of  red-hot  platinum  gauze. 
Tested  by  the  searching  beam,  the  calcined  air  was  found  quite  free 
from  floating  matter.  Not  a  speck  has  invaded  the  limpidity  of  the 
infusions  exposed  to  it,  while  twelve  similar  tubes  placed  outside  have 
fallen  into  rottenness. 

The  experiments  with  calcined  air  took  another  form.  Six  years  ago 
it  was  found  that,  to  render  the  laboratory  air  free  from  floating  matter, 
it  was  only  necessary  to  permit  a  platinum  wire  heated  to  whiteness  to 
act  upon  it  for  a  sufficient  time.  Shades  containing  pear-juice,  damson- 
juice,  infusions  of  hay  and  turnip,  and  water  of  yeast  were  freed  from 
their  floating  matter  in  this  way.  The  infusions  were  subsequently 
boiled  and  permitted  to  remain  in  contact  with  the  calcined  air.  They 
are  quite  clear  to  the  present  hour,  while  the  same  infusions  exposed 
to  common  air  became  mouldy  and  rotten  long  ago. 

It  has  been  affirmed  by  other  writers  on  this  question  that  turnip-  and 
hay-infusions  rendered  slightly  alkaline  are  particularly  prone  to 
exhibit  the  phenomena  of  spontaneous  generation.  This  was  not  found 
to  be  the  case  in  the  present  investigation.  Many  such  infusions  have 
been  prepared,  and  they  have  continued  for  months  without  sensible 
alteration. 

Finally,  with  regard  to  infusions  whoUy  withdrawn  from  air,  a  group 
of  test-tubes  containing  different  infusions  was  boiled  under  a  bell-jar  first 
filled  with  filtered  air,  and  from  which  the  air  was  subsequently  removed 
as  far  as  possible  by  a  good  air-pump.  They  are  now  as  pellucid  as  they 
were  at  the  time  of  their  preparation  more  than  two  months  ago,  while 
a  group  of  corresponding  tubes  exposed  to  the  laboratory  air  have  all 
fallen  into  rottenness. 
There  is  still  another  form  of  experiment  on  which  great  weight  has  been 


VOL,  XXiV. 

Digitized  by 


(Soogle 


176  Prof.  J.  Tyndall  on  the  [Jan.  13, 

laid— that  of  hermetically  sealed  tubes.  On  the  6th  of  last  April  a  dis- 
cussion on  the  "  Germ-Theory  of  Disease"  was  opened  before  the  Patho- 
logical Society  of  London.  The  meeting  was  attended  by  many  distinguished 
medical  men,  some  of  whom  were  profoundly  influenced  by  the  arguments, 
and  none  of  whom  disputed  the  facts  brought  forward  against  the  theory  on 
that  occasion.  The  following  important  summary  of  these  was  then  given 
by  Dr.  Bastian : — "  With  the  view  of  settling  these  questions,  therefore,  we 
may  carefully  prepare  an  infusion  from  some  animal  tissue,  be  it  muscle, 
kidney,  or  liver;  we  may  place  it  in  a  flask  whose  neck  is  drawn  out  and 
narrowed  in  the  blowpipe-flame,  we  may  boil  the  fluid,  seal  the  vessel 
during  ebullition,  and,  keeping  it  in  a  warm  place,  may  await  the  result, 
as  I  have  often  done.  After  a  variable  time,  the  previously  heated  fluid 
within  the  hermetically  sealed  flask  swarms  more  or  less  plentifully  with 
Bacteria  and  aUied  organisms." 

Previous  to  reading  this  statement  the  author  had  operated  upon  16  tubes 
of  hay-  and  turnip-infusions,  and  upon  21  tubes  of  beef,  mackerel,  eel, 
oyster,  oatmeal,  malt,  and  potato,  hermetically  sealed  while  boiling,  not  by 
the  blowpipe,  but  by  the  far  more  handy  spirit-lamp  flame.  In  no  case 
was  any  appearance  whatever  of  Bacteria  or  allied  organisms  observed. 
The  perusal  of  the  discussion  just  referred  to  caused  the  author  to  turn  again 
to  muscle,  liver,  and  kidney,  with  a  view  of  varying  and  multiplying  the 
evidence.  Fowl,  pheasant,  snipe,  partridge,  plover,  wild  duck,  beef, 
mutton,  heart,  tongue,  lungs,  brains,  sweetbread,  tripe,  the  crystalline 
lens,  vitreous  humour,  herring,  haddock,  mullet,  codfish,  sole,  were  all 
embraced  in  the  experiments.  There  was  neither  mistake  nor  ambiguity 
about  the  result.  One  hundred  and  thirty-nine  of  the  flasks  operated  on 
were  submitted  to  the  Fellows ;  and  not  one  of  this  cloud  of  witnesses 
offered  the  least  countenance  to  the  assertion  that  liquids  within  flasks, 
boiled  and  hermetically  sealed,  swarm,  subsequently,  more  or  less  plenti- 
fidly  with  Bacteria  and  allied  organisms. 

The  evidence  furnished  by  this  mass  of  experiments,  that  Dr.  Bastian 
must  have  permitted  errors  either  of  preparation  or  observation  to  invade 
his  work,  is,  it  is  submitted,  very  strong.  But  to  err  is  human ;  and  m 
an  inquiry  so  difficult  and  fraught  with  such  momentous  issues,  it  is  not 
error,  but  the  persistence  in  error  by  any  of  us  for  dialectic  ends  that  is 
to  be  deprecated.  The  author  shows  by  illustrations  the  risks  of  error 
run  by  himself.  On  the  21st  of  October  he  opened  the  back  door  of  a 
case  containing  six  test-tubes  filled  with  an  infusion  of  turnip  which  had 
remained  perfectly  clear  for  three  weeks,  while  three  days  sufficed  to 
crowd  six  similar  tubes  exposed  to  mote-laden  air  with  Bacteria*  With  a 
small  pipette  he  took  specimens  from  the  pellucid  tubes,  and  placed  them 
under  the  microscope.  One  of  them  yielded  a  field  of  Bacterial  life, 
monstrous  in  its  copiousness.  For  a  long  time  he  tried  vainly  to  detect 
any  source  of  error,  and  was  perfectly  prepared  to  abandon  the  unvarying 
inference  from  all  the  other  experiments,  and  to  accept  the  result  as  a 
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clear  exception  to  what  hod  previously  appeared  to  be  a  general  law. 
The  cause  of  his  perplexity  was  finally  traced  to  the  tiniest  speck  of  an 
infusion  containing  Bacteria,  which  had  clung  by  capillary  attraction  to 
the  point  of  one  of  his  pipettes. 

Again,  three  tubes  containing  infusions  of  turnip,  hay,  and  mutton 
were  boiled,  on  the  2nd  of  November,  under  a  bell-jar  containing  air  so 
caiefully  filtered  that  the  most  searching  examination  by  a  concentrated 
beam  failed  to  reveal  a  particle  of  floating  matter.  At  the  present  time 
every  one  of  the  tubes  is  thick  with  mycelium  and  covered  \iith  mould. 
Here,  surely,  we  haye  a  case  of  spontaneous  generation.  Let  us  look  to 
its  history. 

After  the  air  has  been  expelled  from  a  boiL'ng  liquid  it  is  difficult  to 
continue  the  ebullition  without  "bumping."  The  liquid  remains  bIiU  for 
intervals  and  then  rises  with  sudden  energy.  It  did  so  in  the  case  now 
[  under  consideration ;  and  one  of  the  tubes  boiled  over,  the  liquid  over- 
j  spreading  the  resinous  surface  in  which  the  bell-jar  was  imbedded.  For 
three  weeks  the  infusions  had  remained  perfectly  clear.  At  tlie  end  of 
this  time,  with  a  view  of  renewing  the  air  of  the  jar,  it  was  exhausted, 
and  refilled  by  fresh  air  which  had  passed  through  a  plug  of  cotton-wool. 
As  the  air  entered,  two  small  spots  of  PenicilUum,  resting  on  llio 
b'quid  which  had  boiled  over,  attracted  attention.  It  was  at  once 
remarked  that  the  experiment  was  a  dangerous  one,  as  the  entering  air 
would  probably  detach  some  of  the  spores  of  the  PenicilUum  and  diffuse 
them  in  the  bell-jar.  This  was  therefore  filled  very  slowly,  so  as  to 
render  the  disturbance  a  minimum.  Next  day,  however,  a  tuft  of 
mycelium  was  observed  at  the  [bottom  of  one  of  the  three  tubes,  namely 
that  containing  the  hay-infusion.  It  has  by  this  time  grown  so  as  to  fill 
a  large  portion  of  the  tube.  For  nearly  a  month  longer  the  two  tubes 
containing  the  turnip-  and  mutton-infusions  maintained  their  trans- 
parency unimpaired.  Late  in  December  the  mutton-infusion,  which 
was  in  dangerous  proximity  to  the  outer  mould,  showed  a  tuft  upon  its 
iurface.  The  beef-infusion  continued  bright  and  clear  for  nearly  a 
fortnight  longer.  The  recent  cold  weather  caused  the  author  to  add  a  third 
gas-stove  to  the  two  which  had  previously  warmed  the  room  in  whicli  the 
experiments  are  conducted.  The  warmth  played  upon  one  side  of  the 
bell-jar,  causing  currents  within  it ;  and  the  day  after  the  lighting 
of  the  stove,  the  beef -infusion  gave  birth  to  a  tuft  of  mycelium.  In 
this  case  the  small  spots  of  PenicilUum  might  have  readily  escaped 
attention;  and  had  they  done  so  we  should  have  had  three  cases  of 
"  spontaneous  generation*'  far  more  striking  than  many  that  liave  been 
adduced, 

In  further  illustration  of  the  danger  incurred  in  this  field  of  inquiry, 
the  author  refers  to  the  excellent  paper  of  Dr.  Eoberts  on  Biogenesis,  in 
the  FhiloBophiGal  Transactions  for  1874.    Dr.  Eoberts  fills  the  bulb  of 
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an  ordinary  pipette  up  to  about  two  thirds  of  its  capacity  with  the 
infusion  to  be  examined.  In  the  neck  of  the  pipette  he  places  a  plug  of 
dry  cotton-wool.  He  then  hermetically  seals  the  neck,  and  dips  the  bulb 
into  boiling  water  or  hot  oil,  where  he  permits  it  to  remain  for  the 
requisite  time.  Here  we  have  no  disturbance  from  ebullition  and  no 
loss  by  evaporation.  The  bulb  is  removed  from  the  hot  water  and  per- 
mitted to  cool.  The  sealed  end  of  the  neck  is  then  filed  ofE,  the  cotton- 
wool alone  interposing  between  the  infusion  and  the  atmosphere. 

The  arrangement  is  beautiful,  but  it  has  one  weak  point.  Cotton-wool 
free  from  germs  is  not  to  be  found,  and  the  plug  employed  by  Dr. 
Boberts  infallibly  contained  them.  In  the  gentle  movement  of  the  air  to 
and  fro,  as  the  temperature  changed,  or  by  any  shock,  jar,  or  motion  to 
which  the  pipette  might  be  subjected,  we  have  certainly  a  cause  suffident 
to  detach  a  germ  now  and  then  from  the  cotton-wool  which,  Mling 
into  the  infusion,  would  produce  its  efEect.  Probably  also  condensation 
occurred  at  times  in  the  neck  of  the  pipette,  the  water  of  condensation 
carrying  back  from  the  cotton-wool  the  seeds  of  life.  The  fact  of  fertili- 
zation being  so  rare  as  Dr.  Eoberts  found  it  to  be,  is  a  proof  of  the  care 
with  which  his  experiments  were  conducted.  But  he  did  find  cases  of 
fertilization  after  prolonged  exposure  to  the  boiling  temperature;  and 
this  caused  him  to  come  to  the  conclusion  that  under  certain  rare  con- 
ditions spontaneous  generation  may  occur.  He  also  found  that  ui 
alkalized  hay-infusion  was  so  difficult  to  sterilize  that  it  was  capable  of 
withstanding  the  boiling  temperature  for  hours  without  losing  its  power 
of  generating  life.  The  most  careful  experiments  have  been  made  with 
this  infusion.  Dr.  Eoberts  is  certainly  correct  in  assigning  to  it  superior 
nutritive  power.  But  in  the  present  inquiry  five  minutes'  boiling  sufficed 
to  completely  sterilize  the  liquid. 

Summing  up  this  portion  of  his  inquiry,  the  author  remarks  that  he 
will  hardly  be  charged  with  any  desire  to  limit  the  power  and  potency  of 
matter  in  regard  to  life.  But  holding  the  notions  he  does  upon  this 
point,  it  is  all  the  more  incumbent  on  him  to  affirm  that,  as  &r  aa 
inquiry  has  hitherto  penetrated,  life  has  never  been  proved  to  appear 
independently  of  antecedent  life. 

Though  the  author  had  no  reason  to  doubt  the  general  difhision  of 
germs  in  the  atmosphere,  he  thought  it  desirable  to  place  the  point 
beyond  question.  At  Down  Mr.  Darwin  and  Mr.  Frauds  Darwin,  at 
High  Elms  Sir  John  Lubbock,  at  Sherwood,  near  Tunbridge  Wells,  Itfr. 
Siemens,  at  Pembroke  Lodge,  Eichmond  Park,  Mr.  Eollo  Eussell,  at 
Heathfield  Park  Miss  Hamilton,  at  Greenwich  Hospital  Mr.  Hirst,  at 
Kew  Dr.  Hooker,  and  at  the  Crystal  Palace  Mr.  Price  kindly  took  charge 
of  infusions,  every  one  of  which  was  invaded,  many  by  astounding  swarms 
of  organisms.  To  obtain  more  definite  insight  regarding  the  diffusion  of 
atmospheric  germs  a  square  wooden  tray  was  pierced  with  100  holes,  into 
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each  of  \vluch  was  dropped  a  short  test-tube.  On  October  23  thirty,  of 
these  tubes  were  filled  with  an  infusion  of  hay,  thirty-five  with  an 
infusion  of  turnip,  and  thirty-fiye  with  an  infusion  of  beef.  The  tubes 
with  their  infusions  had  heem.  previously  boiled,  ten  at  a  time,  in  an  oil- 
bath.  One  hundred  circles  were  marked  on  paper,  so  as  to  form  a  map 
of  the  tray,  and  every  day  the  state  of  each  tube  was  registered  upon  the 
conesponding  circle.  In  the  following  description  the  term  '*  cloudy " 
is  used  to  denote  the  first  stage  of  turbidity,  distinct  but  not  strong ; 
the  term  "  muddy  "  is  used  to  denote  thick  turbidity. 

One  tube  of  the  100  was  first  singled  out  and  rendered  muddy.  It 
belonged  to  the  beef  group,  and  it  was  a  whole  day  in  advance  of  all  the 
other  tubes.  The  progress  of  putre&ction  was  first  registered  on  the 
26th  of  October.     The  "  map  ^  then  taken  may  be  thus  described  : — 

Hay. — Of  the  thirty  specimens  exposed  one  had  become  "muddy" — 
the  seventh  in  the  middle  row  reckoning  from  the  side  of  the  tray  nearest 
a  stove.  Six  tubes  remained  perfectly  dear  between  this  muddy  one 
and  the  stove,  proving  that  differences  of  warmth  may  be  overridden  by 
other  causes.  Every  one  of  the  other  tubes  containing  the  hay-infusion 
showed  spots  of  mould  upon  the  clear  liquid. 

Turnip. — ^Four  of  the  thirty-five  tubes  were  very  muddy,  two  of  them 
being  in  the  row  next  the  stove,  one  four  rows  distant,  and  the  remain- 
ing one  seven  rows  away.  Besides  these,  six  tubes  had  become  clouded. 
There  was  no  mould  on  any  of  the  tubes. 

Beef. — One  tube  of  the  thirty-five  was  quite  muddy,  in  the  seventh 
row  from  the  stove.  There  were  three  cloudy  tubes,  while  seven  of  them 
bore  spots  of  mould. 

As  a  general  rule  organic  infusions  exposed  to  the  air  during  the 
autumn  remained  for  two  days  or  more  perfectly  clear.  Doubtless  from 
the  first  germs  fell  into  them,  but  they  required  time  to  be  hatched.  This 
period  of  clearness  may  be  called  the  "  period  of  latency,"  and  indeed  it 
exactly  corresponds  with  what  is  understood  by  this  term  in  medicine. 
Towards  the  end  of  the  period  of  latency  the  fall  into  a  state  of  disease 
is  comparatively  sudden,  the  infusion  passing  from  perfect  clearness  to 
cloudiness  more  or  less  dense  in  a  few  hours. 

Thus  the  tube  placed  in  Mr.  Darwin's  possession  was  clear  at  8.30 
A.1I.  on  the  19th  of  October,  and  cloudy  at  4.30  p.m.  Seven  hours, 
moreover,  after  the  first  record  of  our  tray  of  tubes,  a  marked  change 
had  occurred.  It  may  be  thus  described  : — ^Instead  of  one,  eight  of  the 
tubes  containing  hay-infusion  had  fallen  into  uniform  muddiness. 
Twenty  others  had  produced  Bacterial  slime,  which  had  fallen  to  the 
bottom,  every  tube  containing  the  slime  being  covered  by  mould.  Three 
tubes  only  remained  clear,  but  with  mould  upon  their  surfaces.  The 
muddy  turnip-tubes  had  increased  from  four  to  ten ;  seven  tubes  were 
clouded,  while  eighteen  of  them  remained  clear,  with  here  and  there  a 
speck  of  mould  on  the  surface.    Of  the  beef,  six  were  cloudy  and  one 
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thickly  muddy,  while  spots  of  mould  had  formed  on  the  majority  of  the 
remaining  tubes.  Eifteen  hours  subsequent  to  this  observation,  viz.  on 
the  morning  of  the  27th  of  October,  all  the  tubes  containing  hay-infusion 
were  smitten,  though  in  di&rent  degrees,  some  of  them  being  much 
more  turbid  than  others.  Of  the  turnip-tubes,  three  only  remained  un~ 
smitten,  and  two  of  these  had  mould  upon  their  surfaces.  Only  one  of 
the  thirty-five  beef -infusions  remained  intact.  A  change  of  occupancy, 
moreover,  had  occurred  in  the  tube  which  first  gave  way.  Its  muddiness 
remained  grey  for  a  day  and  a  half,  then  it  changed  to  bright  yellow- 
green,  and  it  maintained  this  colour  to  the  end.  On  the  27th  every 
tube  of  the  hundred  was  smitten,  the  majority  with  uniform  turbidity, 
some,  however,  with  mould  above  and  slime  below,  the  intermediate 
liquid  being  tolerably  clear.  The  whole  process  bore  a  striking  resem- 
blance to  the  propagation  of  a  plague  among  a  population,  the  attacks 
being  successive  and  of  di&rent  degrees  of  virulence. 

Prom  the  irregular  manner  in  which  the  tubes  are  infected  we  may 
infer  that,  as  regards  quantity ,  the  distribution  of  the  germs  in  the  air  is 
not  uniform.  The  singling  out,  moreover,  of  one  tube  of  the  hundred 
by  the  particular  Bacteria  that  develop  a  green  pigment  shows  that,  as 
regards  quality,  the  distribution  is  not  uniform.  The  same  absence  of 
uniformity  was  manifested  in  the  struggle  for  existence  between  the 
Bacteria  and  the  PeniciUium.  In  some  tubes  the  former  were 
triumphant;  in  other  tubes,  of  the  same  infusion,  the  latter  was 
triumphant.  It  would  seem  also  as  if  a  want  of  uniformity  as  regards 
vital  vigour  prevailed.  "With  the  selfsame  infusion  the  motions  of  the 
Bacteria  in  some  tubes  were  exceedingly  languid,  while  in  other  tubes 
they  resembled  a  rain  of  projectiles,  being  so  rapid  and  violent  as  to 
be  followed  with  difficulty  by  the  eye.  Eeflecting  on  the  whole  of  this, 
the  author  concludes  that  the  germs  float  through  the  atmosphere  in 
groups  or  clouds,  with  spaces  more  sparsely  fiUed  between  them.  The 
touching  of  a  nutritive  fluid  by  a  Bacterial  cloud  would  naturally  have  a 
different  effect  from  the  touching  of  it  by  the  interspace  between  two 
clouds.  But  as  in  the  case  of  a  mottled  sky  the  various  portions  of  the 
landscape  are  successively  visited  by  shade,  so,  in  the  long  run,  were  the 
various  tubes  of  the  tray  touched  by  the  Bacterial  clouds,  the  final 
fertilization  or  infection  of  them  all  being  the  consequence.  The  author 
connects  these  results  with  the  experiments  of  Pasteur  on  the  non- 
continuity  of  the  cause  of  so-called  spontaneous  generation,  and  with 
other  experiments  of  his  own  *• 

*  In  hospital  practice  the  opening  of  a  wound  during  the  passage  of  a  Bacterial 
cloud  would  have  an  effect  very  different  from  the  opening  of  it  in  the  interspace  be- 
tween two  clouds.  Oertain  caprioes  in  the  behaYiour  of  dressed  wounds  may  possibly 
be  accounted  for  in  this  way. 

Under  the  heading  "  Nothing  new  under  the  Sun/'  Prof.  Huxley  has  just  sent  me 
the  following  remarkable  extract : — "  Uebrigens  kann  man  sioh  die  in  der  Atmosphare 
Bchwimmenden  Thierchen  wie  Wolken  denken,  mit  denen  ganz  leere  Luftmassen,  ja 
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On  the  9th  of  November  a  second  tray  containing  one  hundred  tuf)es, 
filled  with  an  infusion  of  mutton,  was  exposed  to  the  air.  On  the 
morning  of  the  11th  six  of  the  ten  nearest  the  stove  had  given  way  to 
putrefaction.  Three  of  the  row  most  distant  from  the  stove  had  yielded, 
while  here  and  there  over  the  tray  particular  tubes  were  singled  out  and 
smitten  by  the  infection.  Of  the  whole  tray  of  one  hundred  tubes, 
twenty-seven  were  either  muddy  or  cloudy  on  the  11th.  Thus,  doubt- 
less, in  a  contagious  atmosphere,  are  individuals  successivly  struck  down. 
On  the  12th  all  the  tubes  had  given  way,  but  the  differences  in  their 
contents  were  extraordinary.  All  of  them  contained  Bacteria^  some  few, 
others  in  swarms.  In  some  tubes  they  were  slow  and  sickly  in  their 
motions,  in  some  apparently  dead,  while  in  others  they  darted  about  with 
rampant  vigour.  These  differences  are  to  be  refen^  to  differences  in 
the  germinal  matter,  for  the  same  infusion  was  presented  everywhere  to 
the  air.  Here  also  we  have  a  picture  of  what  occurs  during  an  epidemic, 
the  difference  in  number  and  energy  of  the  Bacterial  swarms  resembling 
the  varying  intensity  of  the  disease.  It  becomes  obvious  from  these 
experiments  that  of  two  iadividuals  of  the  same  population  exposed  to  a 
contagious  atmosphere,  the  one  may  be  severely,  the  other  lightly  attacked, 
though  the  two  individuals  may  be  as  identical  as  regards  susceptibility 
as  two  samples  of  one  and  the  same  mutton-infusion.  Experiments  with 
other  trays  are  described  in  the  paper,  and  calculations  are  made  regard- 
ing the  number  of  germs  held  in  suspension  by  the  air. 

The  author  traces  still  further  the  parallelism  of  these  actions  with 
the  progress  of  infectious  disease.  The  '  Times'  of  January  17  con- 
tained a  letter  on  typhoid  fever,  signed  "M.D.,"  in  which  occurred 
the  following  remaikable  statement : — "  In  one  part  of  it  [Edinburgh], 
congregated  together  and  inhabited  by  the  lowest  of  the  population, 
there  are,  according  to  the  Corporation  return  for  1874,  no  less  than 
14,319  houses  or  dwellings — many  under  one  roof,  on  the  *  flat  *  system 
— in  which  there  are  no  house  connexions  whatever  with  the  street- 
sewers,  and,  consequently,  no  water-closets.  To  this  day,  therefore,  all 
the  excrementitious  and  other  refuse  of  the  inhabitants  is  collected  in 
pails  or  pans,  and  remains  ifi  their  midst,  generally  in  a  partitioned-off 
comer  of  the  living-room,  until  the  next  day,  when  it  is  taken  down  to 
the  streets  and  emptied  into  the  Corporation  carts.  Drunken  and 
\iciou8  though  the  population  be,  herded  together  like  sheep,  and  with 
the  filth  collected  and  kept  for  24  hours  in  their  -very  midst,  it  is  a 
remarkable  fact  that  typhoid  fever  and  diphtheria  are  simply  unknown 
in  these  wretched  hovels." 

This  case  has  its  analogue  in  the  following  experiment,  which  is  re- 

gmnxe  Tage  vollig  reinen  LuftrerhaltiuBse  weohBeln.**  (Ebrenberg,  "InfufiionBthier- 
cheij,"  1838,  p.  625.)  The  coincidence  of  phraseology  is  surprising,  for  I  knew 
nothing  of  Shrenberg^s  conception.  My  *'  clouds,'*  howeyer,  are  but  small  miniatures 
ofhif. 
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presentative  of  a  class  : — On  the  30th  of  November  a  quantity  of  animal 
refuse,  embracing  beef,  fish,  rabbit,  hare,  was  placed  in  two  large  test- 
tubes  opening  into  a  protecting-chamber  containing  six  tubes.  On 
December  13,  when  the  refuse  was  in  a  state  of  noisome  putrefaction, 
infusions  of  whiting,  turnip,  beef,  and  mutton  were  placed  in  the  other 
four  tubes.  They  were  boiled  and  abandoned  to  the  action  of  the  foul 
"  sewer-gas  "  emitted  by  their  two  putrid  companions.  On  Christmas- 
day  these  four  infusions  were  limpid.  The  end  of  the  pipette  was  tiien 
dipped  into  one  of  the  putrid  tubes,  and  a  quantity  of  matter,  comparable 
in  smallness  to  the  pock-lymph  held  on  the  point  of  a  lancet,  was 
transferred  to  the  turnip.  Its  clearness  was  not  sensibly  affected  at  the 
time ;  but  on  the  26th  it  was  turbid  throughout.  On  the  27th  a  speck 
from  the  infected  turnip  was  transferred  to  the  whiting ;  on  the  2dth 
disease  had  taken  entire  possession  of  the  whiting.  To  the  present  hour 
the  beef-  and  mutton-tubes  remain  as  limpid  as  distilled  water.  Just  as 
in  the  case  of  the  living  men  and  women  in  Edinburgh,  no  amount  of 
fetid  gas  had  the  power  of  propagating  the  plague  as  long  as  the 
organisms  which  constitute  the  true  contagium  did  not  gain  access  to 
the  infusions. 

The  universal  prevalence  of  the  germinal  matter  of  Bacteria  in  water 
has  been  demonstrated  with  the  utmost  evidence  by  the  experiments  of 
Dr.  Burden  Sanderson.  But  the  germs  in  water  are  in  a  very  different 
condition,  as  regards  readiness  for  development,  from  those  in  air.  In 
water  they  are  thoroughly  wetted,  and  ready,  under  the  proper  condi- 
tions, to  pass  rapidly  into  the  finished  organism.  In  air  they  are  more 
or  less  desiccated,  and  require  a  period  of  preparation  more  or  less  long 
to  bring  them  up  to  the  starting-point  of  the  water-germs.  The  rapidity 
of  development  in  an  infusion  infected  by  either  a  speck  of  liquid  con- 
taining Bacteria  or  a  drop  of  water  is  extraordinary.  On  the  4th  of 
Januaiy  a  thread  of  glass  almost  as  fine  as  a  hair  was  dipped  into  a 
cloudy  turnip-infusion,  and  the  tip  only  of  the  glass  fibre  was  introduced 
into  a  large  test-tube  containing  an  infusion  of  red  mullet.  Twelve 
hours  subsequently  the  perfectly  pellucid  liquid  was  cloudy  throughout. 
A  second  test-tube  containing  the  same  infusion  was  infected  with  a 
single  drop  of  the  distilled  water  furnished  by  Messrs.  Hopkin  and 
Williams ;  twelve  hours  also  sufficed  to  cloud  the  infusion  thus  treated. 
Precisely  the  same  experiments  were  made  with  herring  with  the  same 
result.  At  this  season  of  the  year  several  days'  exposure  to  the  air  are 
needed  to  produce  the  same  effect.  On  the  31st  of  December  a  strong 
turnip-infusion  was  prepared  by  digesting  in  distilled  water  at  a  tem- 
perature of  120°  Tahr.  The  infusion  was  divided  between  four  large 
test-tubes,  in  one  of  which  it  was  left  unboiled,  in  another  boiled  for  five 
minutes,  and  ia  the  two  remaining  ones  boiled  and  after  cooling  infected 
with  one  drop  of  beef-infusion  containing  Bacteria.  In  twenty-four 
hours  the  unboiled  tube  and  the  two  infected  ones  were  cloudy,  the 
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unboiled  tube  being  the  most  turbid  of  the  three.  The  infusion  here 
was  peculiarly  limpid  after  digestion ;  for  turnip  it  was  quite  excep* 
tional,  and  no  amount  of  searching  with  the  microscope  could  reveal  in 
it  at  first  the  trace  of  a  living  Bacterium ;  still  germs  were  there  which, 
suitably  nourished,  passed  in  a  single  day  into  Bacterial  swarms  without 
number.  Eive  days  have  not  sufficed  to  produce  an  efEect  approximately 
equal  to  this  in  the  boiled  tube,  which  was  uninfected  but  exposed  to  the 
common  laboratory  air. 

There  cannot,  moreover,  be  a  doubt  that  the  germs  in  the  air  differ 
widely  among  themselves  as  regards  prejparedness  for  development.  Some 
are  fresh,  others  old;  some  are  dry,  others  moist.  Infected  by  such  germs 
the  same  infusion  would  require  difEerent  lengths  of  time  to  develop 
Bacterial  life.  This  remark  applies  to  and  probably  exphiins  the  difEerent 
degrees  of  rapidity  with  which  epidemic  disease  acts  upon  different  people. 
In  some  the  hatching-period,  if  it  may  be  called  such,  is  long,  in  some 
short,  the  differences  depending  upon  the  different  degrees  of  prepared- 
ness of  the  contagium. 

The  author  refers  with  particular  satisfaction  to  the  untiring  patience, 
the  admirable  experimental  skill,  the  veracity  in  thought,  word,  and  deed 
displayed  throughout  this  first  section  of  a  large  and  complicated  inquiry 
by  his  assistant,  Mr.  John  Cottrell,  who  was  zealously  aided  by  his 
junior  coUeaguei  Mr.  Frank  Yalter. 

February  4, 1876.— J.  T. 


January  20,  1876. 

Dr.  J.  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

The  Bight  Hon.  Lord  Aberdare  and  the  Eight.  Hon.  George  Sclater- 
Booth,  whose  Certificates  had  been  suspended,  as  prescribed  by  the 
Statutes,  were  balloted  for  and  elected  Fellows  of  the  Society. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 

I.  '^Certain  cases  of  Electromotive  Force  sustained  by  the  Action  of 
Electrolytes  on  Electrolytes.''  By  J.  Hofkinson.  Communi- 
cated by  Sir  W.  Thomson.     Received  November  29th,  1875. 

In  the  following  experiments  the  electromotive  force  was  observed  by 
a  quadrant  electrometer  arranged  for  maximum  sensibility;  the  con- 


Digiti 


zed  by  Google 


184  Mr.  J.  Hopkinson  on  certain  [Jan.  20, 

nexions  were  made  through  the  reversing-key ;  and,  excepting  the  time  ob- 
seryations  for  polarization,  the  readings  were  made  twice  at  least  on  each 
side  of  the  sero-point.  A  single  Daniell's  element  gaye  105  divisions  de- 
flection each  way,  so  that  in  the  following  the  unit  of  electromotiTe  force 
is  j^  the  electromotive  force  of  Daniell's  element.  In  all  cases  the 
electiodes  were  platinum  wires  dipping  into  the  fluid  under  examination. 

In  the  experiments  on  polarization  the  circuit  was  readily  closed  ior  a 
specified  time  by  bringing  the  platinum  wires  into  contact,  and  broken  by 
releasing  them;  the  electromotive  force  could  then  be  observed  at  any 
instant  after  breaking  the  circuit. 

I.  Strong  sulphuric  add  was  poured  into  a  test-tube,  which  dipped  into 
a  porcelain  crucible  containing  caustic  potash.  Thus  the  acid  and  alkali 
were  separated  by  the  glass  of  the  tube.  Platinum  electrodes  dipped  into  the 
two  liquids.  Electromotive  force  of  70  divisions  was  observed,  the  acid 
being  positive.  The  crucible  was  heated  by  a  spirit-lamp  till  the  potash 
b^an  to  boil,  the  electromotive  force  incr^ised  to  153.  The  lamp  was 
removed  and  the  crucible  allowed  to  cool ;  the  electromotive  force  steadily 
diminished  to  78  in  half  an  hour.  The  tube  was  then  discharged  and 
insulated  to  observe  the  rate  at  which  the  charge  developed. 

B.P. 
15  seconds  after  insulaticm,    67 
30  „  „  69 

60  „  „  69 

n.  The  tube,  crucible,  and  wire  were  thoroughly  washed  with  cold  water 
and  replaced  in  position,  but  with  water  in  place  of  both  the  add  and  the 
alkali.  The  inside  of  the  tube  where  the  add  had  been  was  now  negative. 
E.  F.=16^.  Heating  to  boiling  the  deflection  increased  to  150  divisions, 
but  sflipk  to  2  on  cooling. 

in.  The  test-tube  contained  potash  and  dipped  into  water  in  the  crucible. 
When  cold,  E.  F.=33,  the  potash  being  nd]gative;  when  heated  to  boiling, 
E.  r.=36^. 

lY.  The  tube  contained  strong  sulphuric  add  and  dipped  into  water ;  a 
deflection  of  less  than  three  divisions  was  observed.  When  heated  till  the 
water  boiled,  the  reading  was  35.  After  cooling  the  deflection  decieased 
to  5. 

V.  The  test-tube  was  removed  and  a  small  porcelain  crucible  introduced 
in  its  place;  sulphuric  add  was  poured  into  the  outer  crudble,  potash  into 
the  inner ;  platinum  electrodes  dipped  into  the  liquids.  On  heating  till 
the  potash  boiled,  the  electromotive  force  rose  as  high  as  162.  The  de- 
crease of  the  electromotive  force  as  the  liquids  cooled  was  then  observed. 
Time  in  minutes.  E.  F. 

0     155    boiling. 

32    94    stiUwarm. 

91     88     quite  cold. 

181     88 
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The  author  supposed  these  effects  to  be  due  to  electrolytio  action 
tiiTough  the  glass,  not  suspecting  the  true  cause,  excepting  in  Y.  But 
Sir  William  Thomson  pointed  out  to  him  that  the  rate  of  deyelopment 
of  the  charge  was  greater  than  could  occur  through  a  substance  of  the 
low  conductivity  of  the  most  conducting  glass,  and  that  the  circuit  must 
htLYe  been  completed  by  conduction  through  a  film  of  moisture  on  the 
surface  of  the  glass.     The  next  two  experiments  prove  this  to  be  the 


YI.  Drops  of  strong  sulphuric  add  and  of  caustic  potash  were  placed 
on  a  sheet  of  common  window-glass,  previously  carefully  cleaned,  but  ex« 
posed  to  the  air  of  the  room.  Platinum  electrodes,  dipping  into  each  drop, 
communicated  with  the  electrometer. 

1.  Drops  half  an  inch  apart,  E.  F.  =  47. 

2.  The  drops  were  connected  by  a  thin  trail  of  alkali  drawn  from  the 
drop  of  alkali ;  E.  F.  =  105. 

3.  Drops  5  inches  apart,  two  minutes  being  allowed  for  the  charge 
to  develop ;  E.  F.  =  12. 

4.  A  trail  was  drawn  halfway  from  one  drop  to  the  other;  E.  F.=:31. 

5.  The  trail  of  liquid  was  continued  till  but  i  inch  of  clear  glass 
separated  the  liquids ;  E.  F.  =  43. 

6.  The  connecting  trail  was  completed  from  one  drop  to  the  other ;  E. 
F.  =  70.  It  was  observed  that  the  potash  trail  had  dried  up,  leaving  a  line 
of  alkali  between  the  drops. 

VU.  A  dry  chip  of  deal  6  inches  long  was  split  at  each  end,  and  a  platinum 
wire  let  into  each  slit ;  the  two  wires  were  moistened  with  sulphuric 
add  and  potash  respectively  at  the  points  of  contact  with  the  wood ; 
E.F.  =  43. 

Vin.  Clean  platinum  wires  were  let  into  slits  in  a  second  dry  chip  of  deal 
12  inches  long ;  these  were  connected  for  twenty  minutes  with  the  poles  of  a 
battery  of  twoDaniell's  elements,  and  then  detached  and  connected  through 
the  reversing-key  with  the  electrometer.  As  was  expected  an  electromo- 
tive force  opposite  to  that  of  the  battery  was  observed,  at  first  amounting 
to  33  divisions. 

These  experiments  show  that  imperfect  insulation,  such  as  glass  exposed 
to  the  air  or  wood,  may  cause  errors  in  electrical  experiments,  not  merely 
by  leakage,  but  by  introducing  unknown  electromotive  forces,  arising  either 
from  the  imperfect  insulators  connecting  different  liquids,  or  from  elec- 
trolytic polarization  after  acurrent  has  for  some  time  been  creeping  through 
or  over  the  surface  of  the  insulators. 

Several  experiments  were  then  tried  on  the  direct  action  of  liquids  on 
liquids ;  two  only  are  given  here,  because  determinations  have  been  made 
by  other  methods  by  Becquerel  and  others. 

IX.  In  a  previous  experimenta  plug  of  moist  sand  had  been  rammed  into 
the  bend  of  a  U-tube,  and  strong  sulphuric  add  and  caustic  potash  poiued 
into  the  limbs.    When  this  tube  was  washed  out,  it  was  foimd  that  a  plug 
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of  sulphate  of  potash  and  sand  -f^  inch  thick  had  formed  across  the  mid- 
dle of  the  bend.  Strong  sulphuric  acid  and  potash  were  again  poured 
into  the  limbs,  and  were  now  only  separated  by  a  thin  plug  of  sulphate 
of  potash.  Platinum  electrodes  dipped  into  the  liquids.  Electromotive 
force  139.    The  circuit  was  closed  for  ten  minutes. 

B.P. 
14  seconds  after  insulation,  31 
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The  wires  were  again  connected  and  the  circuit  left  closed  for  about 
twenty-four  hours.  It  was  found  that  the  plug  had  extended  for  about 
half  an  inch  on  the  side  of  the  sulphuric  acid  by  the  formation  of  crystals 
of  sulphate  of  potash,  but  had  not  apparently  changed  where  it  w  as  in 
contact  ^ith  the  potash. 

X.  A  similar  plug  was  formed  in  a  second  tube.  Into  one  limb  sulphuric 
acid,  with  a  small  quantity  of  permanganate  of  potash,  w  as  poured,  into  the 
other  caustic  potash :  E.  Y.  =  178.    Circuit  was  closed  for  ten  minutes. 

E.  F. 

10  seconds  after  insulation,  90 

20          „               „  110 

40          „                „  123 

1  minute               „  128 

3  minutes             „  138 

9          „                „  148 

19          „                „  150 


II.  ''On  Reversed  Photographs  of  the  Solar  Spectrum  beyond  the 
Red,  obtained  on  a  Collodion  Plate/'  in  a  Letter  to  Prof. 
Stokes.  By  Captain  J.  Watekhouse,  Assistant  Suneyor- 
Gcncral  of  India.  Communicated  by  Professor  Stokes. 
Received  November  29,  1875. 

Surveyor-General's  Office, 

Calcutta,  November  5,  1875. 

Mt  deah  Sib, — I  have  the  pleasure  to  send  you,  by  Overland  Parcel 

Post,  for  presentation  to  the  Royal  Society,  two  i)hot ©graphs  on  glass  of 

the  solar  spectrum,  showing  the  extreme  red  rays  below  A,  obtained  on 

a  dry  collodion  plate  prepared  with  bromide  of  siher  stained  with  a  blue 
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dye  *,  and  exposed  to  diffused  daylight  for  a  momeat  before  being  placed 
in  the  camera  to  receive  the  image  of  the  spectrum.  I  also  send  another 
pbite,  also  a  dry  bromide  plate,  stained  with  the  same  blue  dye,  and 
prepared  at  the  same  time  and  in  the  same  manner  as  the  other  plates, 
but  not  exposed  to  light  and  quite  free  from  fog ;  and  you  mil  observe 
that  on  this  there  is  no  trace  of  the  reversed  action  in  the  red  rays,  and 
that  the  direct  action  only  extends  slightly  below  G. 

This  power  of  the  red  rays  of  the  spectrum  to  neutralize  the  action  of 
white  light  on  sensitive  daguerreotype  plates  was  frequently  noticed  by 
Sir  J.  Herschel,  Draper,  Fizeau,  Claudet,  and  other  daguerreotypists 
about  thirty  years  ago,  but,  so  far  as  I  can  ascertain,  it  has  never  been 
observed  on  collodion  plates.  As  collodion  has  so  many  advantages  over 
the  daguerreotype,  it  seems  probable  that  this  new  extension  of  an  old 
principle  may  have  an  important  practical  application  in  spectroscopic 
photography,  particularly  for  the  mapping  of  a  part  of  the  spectrum  in 
which  eye-observations  can  only  be  made  with  difficulty  and  under 
favourable  circumstances. 

The  apparatus  used  for  obtaining  two  of  these  photographs  consisted 
of  a  Browning's  chemical  spectroscope,  fitted  with  a  very  fine  flint  prism 
of  60^,  and  used  in  conjunction  with  one  of  Dallmeyer's  rapid  rectilinear 
lenses  of  30"  focus.  The  rays  of  the  sun  were  collected  from  a  9"  helio- 
trope, worked  by  hand,  and  thrown  on  the  slit  by  means  of  a  condensing^ 
lens  of  S"  diameter  and  25"  focus.  The  aperture  of  the  slit  varied  from 
*003  to  *005,  as  marked  on  the  plate. 

The  other  single  photograph  was  taken,  with  a  five-prism  direct- vision 
spectroscope,  by  the  same  maker,  also  attached  to  the  rapid  rectilinear 
lens,  and  with  the  same  arrangement  of  heliotrope  and  condenser. 

The  plates  were  prepared  with  a  bromized  collodion  made  by  Bouch, 
sensitized  in  a  bath  of  pure  nitrate  of  silver  at  16  per  cent.,  then  well 
washed  in  several  changes  of  water  and  treated  with  a  watery  solution 
of  the  blue  dye,  again  washed  to  remove  the  superfluous  colour,  and  then 
dried.  The  colour  of  the  prepared  plates  when  dry  was  a  light  lavender. 
The  development  was  by  the  alkaline  method,  followed  by  an  intensifica- 
tion with  acid,  silver,  and  pyrogallic  a^d.  Before  being  placed  in  the 
dark  slide,  the  plates  on  which  the  extreme  red  rays  are  shown  received 
a  momentary  exposure  to  diffused  daylight  by  quickly  opening  and 
shutting  the  window  of  the  dark  room. 

It  will  be  observed  that  the  best  results  have  been  obtained  with  long 
exposures  of  30  or  40  minutes  ;  and  it  is  also  necessary  to  work  with 

*  I  enoloM  a  specimen  of  the  dye,  I  do  not  know  its  chemical  name,  but  it  appears 
to  belong  to  the  aniline  or  some  analogous  series,  and  was  obtained  in  the  natire  mar- 
ket here.  Dissohed  in  alcohol  it  is  of  a  fine  deep  blue,  but  the  addition  of  water 
changes  the  tint  to  a  rich  yiolet  or  purple. 

[I  have  compared  the  specimen,  as  to  its  absorption-spectrum  and  the  action  of 
reagents,  with  authentic  aniline  Uue,  and  the  two  appear  to  be  identioal.*-G.  0.  S.] 
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rather  an  open  slit,  which  injures  the  definition  very  much,  so  that  the 
details  of  the  many  lines  which  I  have  ascertained  to  exist  in  the  portion 
of  the  spectrum  below  A  are  not  at  all  dislanct ;  but  it  is  possible  that 
means  may  be  found  for  obtaining  better  results  with  moderate  exposure 
and  a  fine  slit ;  and  I  hope  to  be  able  to  continue  the  investigation  with 
this  object  in  view. 

I  have  not  been  able  yet  to  ascertain  in  what  manner  the  blue  dje 
acts ;  but  that  it  plays  an  important  part  in  obtaining  the  results  is 
evident  from  the  fact  that  on  a  dry  bromide  plate  unstained  the  rever- 
sing efEect  of  the  red  rays  is  not  observed.  I  was  led  to  use  it  from 
observing,  during  the  course  of  an  investigation  of  Dr.  H.  Vogel's  impor- 
tant discovery  of  the  effect  of  certain  dyes  on  the  sensibility  of  dry 
bromide-of-silver  plates  to  the  less  refrangible  rays,  that  on  plates  stained 
with  aniline  red,  orange,  green,  and  blue,  the  A  and  other  lines  in  the  red 
were  often  visible  reversed ;  and  there  were  traces  of  reversed  action 
below  A,  but  most  markedly  on  the  plates  stained  with  the  particular 
blue  dye  referred  to.  As  I  had  not  observed  it  on  the  plain  unstained 
bromide  plates,  I  attributed  the  effect  to  the  action  of  the  dyes,  over- 
looking the  fact  that  the  plates  were  all  slightly  fogged.  On  repeating 
the  experiments  with  the  bluenstained  plates,  prepared  in  a  purified  bath 
and  very  free  from  fog,  the  reversed  action  was  not  perceptible ;  and 
recollecting  the  old  daguerreotype  experiments,  the  idea  suggested  itself  of 
trying  whether  it  could  be  obtained  by  means  of  the  preliminary  expo- 
sure to  light. 

On  examining  my  spectrum  negatives,  I  find  that  the  same  reversing 
action  in  the  red  is  also  to  be  traced  on  a  few  plates  prepared  with 
bromoiodized  collodion,  exposed  wet  and  developed  with  the  ordinary 
iron  developer;  but  further  experiments  are  required  before  I  can  ascer- 
tain whether  good  results  can  be  obtained  in  this  manner.  The  effect  of 
staining  the  dry  bromide  films  with  other  dyes  has  also  to  be  investi- 
gated. 

I  would  further  draw  your  attention  to  the  reversal  of  the  blue  and 
violet  rays  between  H  and  F.  I  have  observed  this  effect  on  all  dry 
bromide  plates,  whether  stained  a:  unstained.  It  appears  to  be  caused 
chiefly  by  overexposure,  but  may  also  be  partly  due  to  the  action  of  the 
alkaline  developer.  On  some  plates  it  is  more  distinct  and  of  greater 
extent  than  on  others.  I  am  scarcely  sufficiently  acquainted  with  the 
subject  to  venture  on  an  explanation  of  this  action  of  the  blue  rays,  but 
may  remark  that  they  would  appear  to  lose  by  long  and  excessive  action 
the  decomposing  power  they  first  exert  on  the  bromide-of-silver  film,  and 
to  exercise  instead  the  neuiralizing  and  bleaching  action  of  the  red  rays. 
On  the  single  photograph  this  reversed  action  of  both  sets  of  rays  is  well 
illustrated,  and  the  whole  spectrum  is  reversed  from  H  to  below  A,  the 
minimum  of  action  being  about  F. 

Should  you  consider  the  subject  of  sufficient  interest,  I  trust  you  will 
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do  me  the  favour  of  bringing  this  communication  to  the  notice  of  the 
Society ;  and  I  need  not  say  that  I  shall  be  exceedingly  glad  of  any  sug- 
gestions for  improving  the  method  and  utilizing  it  in  making  systematic 
observations  of  any  points  which  may  be  elucidated  by  its  means. 

Eeceived  December  6,  1875. 

Surveyor-Qeneral'B  Office, 

Calcutta^  November  12,  1875. 
Deab  Sib, — In  continuation  of  my  letter  of  last  week  I  enclose  a 
sketch  of  the  lines  in  the  extreme  red  rays,  as  nearly  as  I  can  make 
them  out,  from  one  of  the  photographs  I  have  taken  in  the  manner 
described,  and  the  only  one  in  which  I  have  obtained  the  lines  so  clearly. 
It  was  taken  at  1.48  p.m.  on  the  8th  October  (just  at  the  close  of  our 
rainy  season)  with  an  exposure  of  15  minutes,  the  same  arrangement  of 
spectroscope  being  used  as  for  taking  the  two  negatives  I  sent  you  last 
mail. 
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I  have  since  writing  made  a  successful  experiment  in  obtaining  re- 
versed negatives  on  insolated,  blue-stained,  dry  bromized  collodion  plates 
by  means  of  the  reversing  action  of  the  red  rays  passing  through  ruby 
glass,  and  also  on  similar  plates  prepared  with  bromized  collodion 
coloured  a  bright  yellow  with  tincture  of  annatto.  I  have  also  reason  to 
believe  that  it  will  not  be  impossible  to  obtain  the  same  reversing  action 
through  blue  glass ;  but  further  trials  are  requisite. 

I  may  also  add  that  I  have  found  that  dry  bromide  plates  prepared 
with  the  collodion  containing  annatto  are  more  highly  sensitive  to  the 
whole  spectrum  than  any  others ;  so  that  I  have  obtained  the  C,  B,  a, 
and  A  lines  quite  distinctly  on  such  plates  unreversed^  and  also  one  line 
below  A  at  about  the  same  distance  from  it  as  a. 


III.  ''  Report  of  the  Meteorological  Committee  to  the  President 
and  Council  of  the  Royal  Society  on  the  Work  done  in  the 
Meteorological  0£Bce  since  their  appointment  in  1866  to 
December  81, 1875.'' 

The  business  of  the  Office  will  be  reviewed  under  the  three  heads  into 
which  it  is  subdivided,  and  which  are  as  follows : — 
I.  Ocean  Meteorology, 
n.  Weather  Telegraphy. 
m.  Land  Meteorology  of  the  British  Islands. 

I.  Ocean  Meteobolooy. 
The  most  important  task  of  the  Committee  at  its  first  institution  was 
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to  examine  and  to  take  stock  of  all  the  instruments  and  materials  for 
work  existing  in  the  Office. 

Inquiry  was  made  into  the  actual  condition  and  employment  of  all 
instruments  outstanding  on  the  books,  whereby  several  were  recovered, 
and  several  proved  to  be  non-existent.  Since  1867  no  instruments  have 
been  supplied,  except  for  the  public  service. 

The  books  in  the  Office,  which  have  been  kept  since  1854,  enable  us 
to  trace  the  history  and  corrections  of  every  instrument  which  has  ever 
been  purchased. 

The  entire  store  of  documents  in  the  Office  was  carefully  examined  by 
Capt.  Toynbee ;  those  that  were  worthless  were  set  aside,  and  in  the 
remainder  the  quality  of  each  element  which  they  contained  was  marked. 

The  Office  then  resumed  the  supply  of  instruments  to  observers  at  sea, 
and  reorganized  the  agencies  at  certain  ports.  These  agencies  are  paid 
according  to  results.  The  outcome  of  these  operations  is  shown  in  the 
Annual  Eeports. 

Among  the  most  important  benefits  to  the  science  attributable  to  the 
action  of  the  Committee  has  been  the  great  improvement  in  the  quality 
of  the  logs  sent  in,  owing  to  the  care  taken  to  select  observers. 

The  following  figures  show  the  total  number  of  ^s,  and  the  number 
of  first-class  logs,  classed  "  excellent,"  which  have  been  received  each  year 
from  the  Mercantile  Marine  since  the  management  of  the  Office  has  been 
under  the  Meteorological  Committee. 
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33 
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110 
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1869. 

67 
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31 

1873. 

92 

52 

57 
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81 

41 

51 

1874. 

88 

56 

64 

The  marked  improvement  shown  in  the  last  few  years  is  doubtless 
entirely  due  to  a  thoroughly  systematic  supervision  by  Captain  Toynbee 
of  all  logs  received.  In  every  case  where  improvement  is  considered 
necessary,  and  reasonably  practicable,  the  captain  responsible  for  the  log 
has  been  communicated  with,  and  in  many  cases  induced  to  call  at  the 
Office  for  a  personal  interview. 

The  high  percentage  of  excellent  logs  in  recent  years  is  in  no  way  to 
be  attributed  to  a  lower  standard  of  excellence  being  used;  on  the 
contrary,  the  standard  of  excellence  may  be  considered  to  have  increased 
rather  than  to  have  diminished. 

It  seems  that  greater  weight  should  be  attached  to  the  relative  values 
above,  from  the  fact  that  the  classification  has  been  carried  out  by  the 
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same  person  throughout  the  whole  period,  so  that  the  method  of  dassifi- 
cation  would  doubtless  be  uniform. 

The  continuity  of  the  observations  and  the  hours  at  which  observations 
have  been  recorded  are  of  late  years  more  in  accordance  with  the  gene^ 
rally  accepted  principles  for  the  calculation  of  mean  results. 

At  the  same  time  it  should  be  remarked  that  there  is  great  difficulty 
in  securing  a  supply  of  observers,  and  that  it  is  in  contemplation  to  relax 
in  some  measure  the  rigour  of  the  tests  applied  to  the  observations. 
*  As  regards  our  Methods  of  Operation  and  our  Instructions  for  keeping 
the  Log,  the  latter  were  printed  in  full  by  the  recent  Maritime  Con- 
ference held  in  London  in  1874,  and  an  extract  of  the  Methods  was  also 
given* 

The  works  published  by  the  Office  in  this  Department  have  been  :— 
O.  4.  Charts  of  Surface  Temperature  for  the  South  Atlantic,  Monthly, 
and  for  5^  Squares,  representing  the  Observations  from  Board 
of  Trade  Begisters,  and  also  results  for  smaller  spaces  from 
the  Dutch  Becords  published  in  <  Ondersoekingeu  met  den 
Zeethermometer.' 
0. 11.  Contributions  to  our  Knowledge  of  the  Meteorology  of  Cape 
Horn  and  the  West  Coast  of  South  America.  Monthly  tables, 
charts,  and  summaries  of  observations  from  5°  Squares ;  mate* 
rials  collected  by  Admiral  EitzBoy,  and  supplemented  by  data 
from  other  sources  and  for  other  localities.  This  contribution 
is  of  some  importance  as  preliminary  to  a  more  complete  in- 
vestigation into  the  meteorology  of  that  region.  Among  the 
points  brought  out  by  it  are  the  existence  of  an  area  of  high 
barometrical  pressure  on  the  Tropic  of  Capricorn  in  the  South 
Pacific,  like  those  on  the  two  tropics  in  the  Atlantic,  and  also 
the  fact  that  sea  surface-temperature  ranges  ahwc  that  of  the 
air,  even  in  the  region  of  Humboldt's  Current. 
O.  12,  The  Currents  and  Sur^e-Temperature  in  the  North  Atlantic, 
0°-40°  N.,  giving,  for  2^°  Squares,  Monthly  Charts  for  Di- 
rection and  Velocity,  and  for  Temperature,  and  an  Annua 
Chart. 

These  were  the  first  monthly  current-charts  which  were 
published,  excepting  those  of  Lieut.  Fergusson  for  the  Indian 
Ocean,  &c. 
0. 13.  On  the  Weather  of  the  North  Atlantic  in  February  1870.    This 

paper  will  be  noticed  under  Weather  Telegraphy. 
0. 18,  Contributions  to  our  Knowledge  of  the  Meteorology  of  the  Ant** 
arctic  Begions.  This  was  a  discussion,  according  to  date  and 
locality,  of  the  materials  contained  in  the  logs  of  H.M.S. 
^Erebus'  and  'Terror'  in  1840-43,  and  threw  much  addi- 
tional light  on  the  meteorological  conditions  of  that  region  of 
the  globe. 
VOL.  xxrv.  ^        , 
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O.  20.  Chartfl  of  Meteorological  Data  for  Square  3,  lat.  O^-IO**  N., 
long.  20°-30°  W.,  and  Eemark's  to  accompany  the  Monthly 
Charts,  319  pp. 

The  charts  show  the  means  for  all  the  elements  for  2P  squares, 
and  consequently  the  best  routes  across  the  equator  in  each 
month ;  and  the  remarks  contain  extracts  relating  to  currents, 
clouds,  sea  temperature,  specific  gravity,  wind,  weatiier,  natural 
history,  Ac. 

In  an  Appendix  is  given  a  Discussion  of  Four-hourly  means 
of  the  Barometer,  and  Air  and  Sea  Temperature  for  each 
Month  and  for  the  Year  in  the  Northern  and  Southern  Halves 
of  the  Square,  from  which  have  been  calculated  the  diurnal- 
range  corrections  for  the  district. 

This  is  the  most  elaborate  paper  ever  published  for  any 
portion  of  the  ocean ;  and  the  large  relative  proportion  of  labour 
bestowed  on  the  district  is  justified  by  the  considerations  that 
the  amount  of  material  existing  for  it  is  quite  exceptional,  and 
that  it  lies  on  the  liighroad  between  the  North  and  South 
Atlantic,  and  is  the  meeting-place  of  the  two  trade-winds. 

The  meteorologist  thus  finds  the  materials  for  a  study  of  the 
conditions  of  wind,  ocean-currents,  weather,  ^.  in  a  region 
where  two  great  currents  of  air  are  always  meeting,  with  in- 
formation as  to  the  diurnal  march  of  pressure  and  temperature 
in  the  region  of  the  equator  and  at  sea ;  while  the  sailor  finds, 
in  the  monthly  charts,  diagrams  of  what  he  may  expect  to 
encounter  on  his  passage  through  the  Square  at  any  season ;  and 
in  the  text  containing  the  explanations  he  finds  a  discussion  of 
the  entire  mass  of  information,  and,  as  a  final  conclusion,  advice 
as  to  the  best  route  for  crossing  the  Line  in  each  month. 

The  public  will,  however,  be  in  a  much  better  position  to 
judge  of  the  work  of  the  Office  when  the  Charts,  &c.  now 
in  the  press,  for  the  nine  squares  (lat.  10°  S.-20**  N.,  long. 
10°-40°  W.),  of  which  Square  3  forms  the  centre,  are  published. 
In  these  charts,  as  dealing  with  a  larger  area  and  stretching 
from  shore  to  shore  of  the  Atlantic,  are  given  not  only  charts 
of  the  same  character  as  those  above  described  (though  for 
larger  areas,  owing  to  comparative  deficiency  of  material),  but 
also  diagrams  showing  the  direction  of  wind  in  connexion  with 
atmospherical  pressure  and  temperature,  and  of  ocean-currents 
with  sea-temperature. 

There  is  also  given  a  tabular  statement  contrasting  the 
specific  gravity  of  the  sea  in  the  easterly  [going]  or  "  Guinea  " 
current  and  in  the  westerly  currents  due  to  each  trade-wind. 

In  the  Bemarks  copious  quotations  are  made  from  the  Logs 
in  relation  to  the  various  phenomena  which  cotoe  under  the 
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seaman's  observatioB,  snch  as  the  weather,  the  wind,  the  motion 
of  the  clouds  in  relation  to  the  lower  wind,  the  direction  of  the 
swell,  the  colour  and  luminosity  of  the  sea,  and  the  current 
rips;  as  well  as  information  relating  to  the  birds,  fish,  and 
insects  that  are  met  with,  and  the  variation  from  month  to 
month  of  the  localities  in  which  thej  are  seen,  and  also  appear- 
ances of  submarine  volcanic  action  in  certain  localities. 
By  these  investigations  it  is  believed  that  important  light  has  been 
thrown  on  several  subjects  of  general  as  well  as  of  special  interest. 

1.  As  to  the  tendency  of  the  wind  blowing  along  a  coast-line  to  draw 

round  a  cape. 

2.  As  to  the  relation  of  the  surface-temperature  and  the  currents  of 
'  the  sea  near  the  equator  to  the  westerly  gales  of  high  northern 

and  southern  latitudes  in  their  respective  winters;  as  to  the 
dipping  of  a  cold  current  under  a  warm  one,  and  the  variation 
with  the  seasons  in  the  amount  of  easterly  current  near  the 
equator. 

3.  As  to  a  probable  relation  between  the  well-known  rollers  of  Ascen- 

sion and  St.  Helena  and  the  winter  gales  of  the  North  Atlantic, 
and  a  corresponding  relation  of  the  rollers  on  the  west  coast  of 
Africa  to  the  winter  gales  of  high  southern  latitudes. 

4.  As  to  the  remarkable  difference  in  direction  of  the  wind  in  Decem- 

ber on  opposite  sides  of  the  Oape-Verde  Islands,  being  easterly  to 
the  westward  and  north-north^eagt  to  the  eastward  of  them. 

5.  As  to  the  remarkable  unsteadiness  and  gustiness  of  the  north-east 

trade  with  a  dear  sky  in  Square  40  (lat.  10°-20*  N.,  long. 
30^-40°  W.),  in  certain' months. 

6.  As  to  the  difference  between  the  wind  and  weather  of  Square  303 

(lat.  0°-10°  S.,  long.  dO^-AQ^  W.),  off  Cape  St.  Eoque  and  its 
neighbourhood,  and  those  of  the  Squares  Ijring  to  the  eastward 
of  that  point,  more  especially  in  regard  of  the  fact  that  in  certain 
months  the  wind  in  Square  303,  during  the  squalls  which  fre- 
quently occur,  constantly  changes  between  south-east  and  south- 
south-west  in  such  a  way  that  the  seaman  finds  very  great 
difficulty  in  working  to  the  southward  if  he  approaches  too  near 
the  Brasdlian  coast. 

7.  As  to  the  relation  of  the  upper  currents  of  the  atmosphere  (indi- 

cated by  cloud  motion)  to  the  lower  winds — e.g.,  how  the  equa- 
torial margin  of  one  Trade  appears  to  rise  above  the  edge  of  the 
other  Trade,  how  the  upper  clouds  move  from  the  north-east  over 
the  south-west  monsoon  on  the  coast  of  Africa,  and  how  some- 
times clouds  move  from  the  south-east,  the  sky  looking  very 
heavy  towards  that  quarter,  while  the  surface  wind  is  steady  from 
south-west. 

8.  As  to  the  relation  between  heavy  dew  and  sea-temperature  in  some 


191  Report  of  the  Meteorological  Committee.         [Jan.  20^ 

parts  and  at  certain  seasons,  and  the  connexion  between  miflt 
(haze)  and  African  dust. 
9.  The  diagrams  give  a  picture  of  Maury's  "  wedgenahapad  doldrums '' 
which  any  sailor  can  understand,  and  the  remarks  show  the 
weather  experienced  in  them. 
In  these  discussions  the  object  of  the  Meteorological  Office  has  been  to 
determine  the  meteorological  statistics  of  limited  portions  of  the  ocean  in 
each  separate  month  by  means  of  results  obtained  by  discussion  of 
original  observations  extracted  from  the  logs  in  the  Office. 

The  scope  of  these  publications  is  consequently  different  from  that  of 
the  charts  published  by  the  Admiralty,  which  aim  at  giving  a  general 
view  of  what  may  be  expected  at  each  season  (three-monthly  period)  over 
the  Atlantic  Ocean,  as  in  the  "  Pilot "  Charts,  or  the  whole  navigable 
globe,  as  in  the  "  Wind  and  Current "  Charts. 

Of  the  two  investigations  in  question  Capt.  Toynbee  has  given  popular 
accounts  in  papers  read  before  the  United  Service  Institution  (in  1873) 
and  before  the  British  Association  (in  1875)  respectively. 

The  Office  having  thus  completed  the  examination  of  the  district  close 
to  the  equator  in  the  Atlantic  Ocean,  about  the  most  important  and 
interesting  to  the  navigator  and  meteorologist  of  any  region  in  the  world, 
has  commenced  the  investigation  of  the  meteorology  of  another  great 
district  lying  on  the  highroad  between  Europe  and  the  Indian  and 
Australian  seas,  that  of  the  Cape  of  Good  Hope,  which  will  be  prose- 
cuted in  due  course,  the  question  of  the  best  method  of  dealing  with 
that  district  being  under  consideration. 

Another  inquiry  of  considerable  interest,  of  the  same  nature  as  that 
noted  as  0. 13,  is  being  instituted  into  the  wind  and  weather  of  the 
North  Atlantic  during  the  month  of  August  1873.  Eor  this  the  Office 
has  obtained  the  loan  of  280  logs,  as  will  be  mentioned  later  on. 

Wbile  thus  working  at  its  own  materials  the  Office  has  not  been 
neglectful  of  foreign  publications  of  value  bearing  on  Ocean  Meteorology. 
Three  of  these  have  been  specially  published,  in  addition  to  the  repro- 
duction of  the  Dutch  Sea-Temperature  Observations  for  the  Atlantic, 
which  have  been  already  mentioned. 

These  three  are : — 
N.  0.  4.  Boutes  for  Steamers  from  Aden  to  the  Straits  of  Sunda  and 
back.    Translated  from  a  paper, by. Lieut.  J,  E.  Comelissen, 
of  the  Eoyal  Meteorological  Institute,  Utrecht. 
N.  0.  5.  On  the  Winds,  &c.  of  the  North  Atlantic,  along  the  Tracks  of 
Steamers  between  Europe  and  America.    Translated  from  a 
paper  by  Herr  von  Freeden,  of  the  Deutsche  Seewarte, 
Hamburg. 
N.  O.  7.  Notes  on  the  Form  of  Cyclones  in  the  Southern  Indian  Ocean. 
Eeprint  of  a  paper  by  C.  Meldrum,  M.A.,  F.E.A,S.,  Secretary 
of  the  Meteorological  Society  of  the  Mauritius. 


Digiti 


zed  by  Google 


1876.]  Beport  of  the  Metcifrological  Committee, 


195 


With  reference  to  the  Becommendations  contained  in  the  Eeport  of 
the  Committee  of  Inquiry  (1866)  in  relation  to  the  subject  of  Ocean 
Meteorology  (p.  15  of  their  Beport)  it  may  be  said : — 


As  regards  the  works 
and  discussions  of 
observations  now  in 
progress. 

As  regards  the  col- 
lection of  further 
observations. 

As  regards  the  method 
of  extracting  the 
observations. 


,  As  regards  the  method 
of  discussing  and 
tabulating  the  re- 
sults of  observations 
when  extracted. 


As  regards  the  publi- 
cation of  meteoro- 
logical results. 

As  r^ards  the  publi- 
cation of  other  re- 
sults useful  to  navi- 
gation. 


Becommendations  have  been  carried  out 
in  principle,  but  with  such  variations  in 
detail  as  appeared  necessary. 

Becommendations  have  been  carried  out 
as  closely  as  it  was  found  feasible  to  do  so. 

The  plan  of  loose  cards  suggested  was 
tried  for  a  certain  time,  but  was  subsequently 
given  up  for  another  (described  in  the  Be- 
port of  the  Meteorological  Committee  for 
1867,  pp.  8  and  60)  which  experience  showed 
to  be  preferable. 

These  recommendations  have  not  been 
fully  carried  out;  on  the  one  hand  the 
work  has  been  conducted  to  a  much  greater 
degree  of  minuteness  and  over  more  limited 
areas  than  was  contemplated  in  the  report, 
such  a  plan  being  considered  to  afford  re- 
sults of  a  more  valuable  character  in  the 
interests  of  navigation. 

On  the  other  hand,  with  every  desire  to 
carry  out  the  recommendations  of  the  Be- 
port, it  has  not  been  found  practicable  to 
weight  the  observations,  and  consequently  to 
assign  the  degree  of  probable  jJreasion  to  the 
results. 

The  recommendations  have  been  carried 
out  in  principle  but  not  to  the  letter.  The 
publications  of  the  Office  have  been  more 
methodi<*al  than  those  criticised  in  the  report. 

The  recommendations  as  regards  com- 
munication of  hydrographical  notices  to  the 
Admiralty  have  been  fully  carried  out.  The 
report,  however,  did  not  apparently  con- 
template the  publication  of  any  data  in  the 
form  of  charts  by  the  Meteorological  Office ; 
it  was,  however,  considered  by  the  Meteoro- 
logical Committee  that  for  certain  purposes, 
as  indicated  by  the  foregoing  statement,  the 
form  of  a  chart  was  preferable  to  ordinary 
letterpress. 
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n.  Wbathbb  Telbobapht. 

The  first  action  prior  to  the  resiunptioii  of  the  issue  of  stonn-warnings 
was  the  inspection  of  the  stations. 

This  has  been  annually  carried  out  ever  since.  Much  that  was  objeo- 
tionable  has  been  gradually  improved,  and  at  present  16  out  of  the  29 
stations  are  provided  with  the  Stevenson's  thermometer-screen. 

Observers  have  been  changed  from  time  to  time,  so  that  at  present 
only  12  are  telegraph  clerks,  and  all  are  distinctly  and  immediately 
responsible  to  the  Office. 

The  Office  may  fairly  claim  for  its  service  a  higher  degree  of  scientific 
accuracy  and  completeness  than  exists  in  any  at  present  in  operation  in 
Europe.  It  must  always  be  remembered  that,  as  a  rule,  telegraphic 
stations  are  not  likely  to  be  good  stations  for  general  climatology,  the 
conditions  which  determine  the  choice  of  locality  being  widely  different 
in  the  two  cases.  It  seems  therefore  less  incumbent  on  the  Office  to 
publish  means  for  temperature,  <$bc.  for  these  stations  than  would  appear 
to  have  been  held  by  some  authorities,  to  judge  from  the  evidence  on  the 
subject  laid  before  the  recent  Science  Commission. 

A  difficulty  in  dealing  with  "Weather  Telegraphy  is  to  be  found  in  the 
frequency  of  telegraphic  errors,  which  renders  any  absolute  dependence 
on  figures  received  by  telegraph  impossible.  Some  idea  of  the  extent  to 
which  this  evil  affects  the  scientific  prosecution  of  weather  study  and 
interferes  with  the  formation  of  correct  views  of  the  essential  &cts  with 
the  promptitude  that  is  required  for  the  practical  application  of  the 
deduced  .results — the  issue  of  warnings  to  the  coasts — may  be  gathered 
from  the  fact  that  in  the  case  of  one  single  station,  Oxford,  49  errors 
were  detected  (on  receipt  of  the  original  MS.  messages)  in  the  space  of 
18  months,  which  were  all  proved  to  be  due  to  inaccurate  transmission, 
and  were  in  addition  to  a  considerable  number  which  had  been  discovered 
at  first  inspection  of  the  telegrams  (owing  to  the  glaring  discrepancy  of 
the  reports  from  those  of  adjacent  stations),  and  had  been  corrected  by 
repetition  of  the  message. 

This  number  gives  about  32  errors  per  annum ;  so  that  on  this  hypo- 
thesis there  would  be  32  x  29  or  928  errors  from  British  stations  coming 
in  every  year,  which  it  is  apparently  impossible  to  detect  by  simple 
inspection  of  the  telegrams. 

Of  errors  in  barometrical  and  thermometrical  readings  as  received  by 
telegraph  and  suspected  from  their  discrepancy  int^  se,  the  Office  dis- 
covers more  than  1000  every  year,  frequently  eliciting  a  correction  by 
repetition  of  the  telegram  and  correspondence  with  the  observers. 

The  f  oUowing  memorandum  shows  the  present  condition  of  the  Weather 
Service : — 


Digiti 


zed  by  Google 


1876.]  Report  of  the  Meteorological  Committee. 


197 


A  Ck)mparison  of  the  "Daily  Weather  Beport,"  as  it  appeared  at  the 
time  of  the  Eeport  of  the  Ctommittoe  of  Inquiry  in  1866,  with  the . 
same  Beport  as  now  published. 

CorUents. 


1866. 


1.— BePOBTS  GIYXN,  rOB  8  A.M.,  FBOV 

20  Stations. 

IQ  in  the  Umted  Kingdom. 
4  on  the  Continent. 
Countries  represented  being — 

British  Isles,  exolusire  of  the  Shet- 

lands,  Hebrides,  and  Scilly. 
France  and  Holland. 


2.^Natubx  or  IxroBMATiox  qivbn. 
A. — Tabular  matter. 
For  8  A.M.  :— 

Barometer. 

Drr-bulb  thermometer. 

Wind. 

Weather. 

8ea-disturbanoe. 
For  past  24  hoars : — 

Extreme  wind. 

General  weather. 

Bainfall. 


1875. 


B.-^Wriiten  Matter. 
Explanation  of  table. 
Bemarks. 
Forecasts,  for  two  days. 

C. — Graphic  Represeniaiions. 
Nil. 


I.^BePOBTS  GIVEIT,  FOB  8  A.M.,  FBOM 

51  Stations. 

29  in  the  United  Kingdom. 
22  on  the  Continent. 
Countries  represented  being-^ 
British  Lsles^  including  the  Shet- 

lands,  Hebrides,  and  Scilly. 
France,  Holland,  North  Germany, 

Denmark,  Norway,  Sweden. 

2. — ^Natube  op  Inpobmation  given. 
A.—Tabular  Matter, 
For  8  A.M.  :— 

Barometer,andchange  in  past  24  hours. 

Dry-bulb  thermometer,  and  change  in 
past  24  hours. 

WeUbulb. 

Wind. 

Weather. 

Sea-disturbanoe. 
For  past  24  hours : — 

maximum  temperature  in  shade. 

Minimum  temperature  in  shade. 

Bamfall. 
For  6  p.m.  on  previous  day  (44  stations) : — 

Barometer. 

Dry-bulb  ^ermometer. 

Wind. 

Weather. 
For  2  P.M.  on  previous  day  (9  stations)  : — 

Barometer. 

Dry-bulb  thermometer. 

Wet-bulb  thermometer. 

Wind. 

Weather. 

Sea-disturbance. 

B.-'Written  Matter. 
Explanation  of  table. 
Bemarks. 

C. — GrapMo  SepresentaHom, 
Four  small  charts  of  Western  Europe, 
showinff  for  8  A.M. : — 

1.  The  distribution  of  pressure,  with 

notes  as  to  the  changes  whinh  have 
occurred  in  the  different  localities 
since  the  pPevious  morning. 

2.  Similar  information  as  to  the  air- 

temperature  in  the  shade. 

3.  The    prevalent  winds,   the   sea-dis- 

turbance (when  rough  or  highj, 
and  the  portion  of  our  coasts  (if 
any)  whion  has  been  warned. 
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1866. 


D. — Correction*  and  Additions. 
Nil* 


E.- 


'Weekly  Summary, 
Nil. 


3.— Issue. 


A  very  few  copies  used  to  be  issued,  yix. 
to  certain  newspapers  and  one  or  two 
subscribers. 


1876. 


4.  The  weather  at  each  station,  and  the 
regions  in  which  a  measurable 
quantity  of  rain  has  fiillen  in  the 
past  24  hours. 

When  the  fall  at  any  station  has 
been  heayy  (t.  e,  more  than  0'5  in.), 
the  amount  is  entered  in  figures  (to 
the  nearest  tenth  of  an  inch)  olose 
to  the  position  of  the  station  at 
which  it  has  been  measured* 

D,—Correction8  and  Additions. 

At  the  end  of  each  month  a  sheet  is 
pubUshed  containing  the  corrections  (when 
obtainable)  for  all  the  errors  which  haTO 
been  detected  throughout  the  month,  to- 
ffether  with  copies  of  all  returns  which 
have  been  receired  too  late  for  insertion  in 
their  proper  places* 

K'-Weekly  Summary, 

A  summary  of  the  weather  oyer  North- 
western Europe  is  published  each  week, 
giving  a  bri^  r£sum6  of  the  conditions 
obeenred  on  each  day,  and  a  (jfeneral  sum- 
mary for  the  whole  week,  calhng  attention 
to  the  more  general  changes  reported. 

3. — TISSUE. 

In  addition  to  about  10  written  copies 
(for  Snd  edition  of  'Times'  and  some 
other  erening  papers  and  one  or  two  sub- 
scribers), 

595  hthographed  reports  are  printed  daily. 
Of  these  about — 

525  copies  are  issued  d^ilr. 
6        do.        do.    weeilv.' 
8        do.        do.     montnly. 
16        do.        do.     half  yearly. 
Of  those  issued  daily  and  weekly,  about 
300  are  issued   to  subscribers,  and 
the  remainder  are  sent  free  to  Public 
C^ces  or  for  exhibition  at  seaports, 
or  in  return  for  observations  from 
volunteer  observers. 


It  should  also  be  remarked  that  since  the  Ist  of  April,  1875,  Daily 
Weather  Charts  have  appeared  in  the  •  Times  *  and  other  newspapers. 
The  form  of  these  charts  and  the  method  of  producing  them  in  time  for 
publication  were  first  initiated  by  a  member  of  the  Committee. 

Since  January  1, 1876,  arrangements  have  been  made  by  which  a  chart 
for  6  P.M.  is  supplied  to  the  •  Times '  at  the  expense  of  that  journal. 

As  regards  actual  work  effected  in  this  Department,  the  Office  may 
point  to  the  following  papers : — 

N.  0. 1.  A  Paper  by  Mr.  Scott  confirming  the  universal  relation  between 
the  direction  and  force  of  the  wind  and  the  differences  in 
barometrical  readings,  which  had  been  already  propounded 
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by  Professor  Buys  Ballot.    This  paper  tended  to  establish 

the  value  of  gradients  for  the  purposes  of  \veather  study. 

N.  O.  2.  A  Paper  by  Capt.  Toynbee  on  the  curyes  of  the  Meteorological 

Observations  taken  on  board  the  steamers  running  between 

Europe  and  America,  showing  that  as  on  their  voyages  out-* 

ward  they  meet,  and  on  their  homeward  route  they  run  with, 

cyclonic  systems  of  wind  which  are  crossing  the  Athmtic,  the 

succession  of  the  phenomena  is  much  more  rapid  in  the 

former  than  in  the  latter  case.    In  fact,  in  some  of  the 

homeward  runs,  the  barometer  is  found  to  rise  when  Hie  wind 

i8  sotUherly,  thus  showing  that  the  ship  is  outstripping  the 

disturbance. 

N.  O.  3.  Also  by  Gapt.  Toynbee,  shows  by  a  number  of  instances  the 

value  of  isobaric  curves  for  the  purposes  of  weather  study, 

and  also  draws  the  attention  of  sailors  to  the  fact  that  the 

tack  on  which  they  are  from  time  to  time  (that  is,  the  direction 

in  which  they  are  sailing  with  regard  to  the  wind)  affects 

very  materially  the  rate  of  the  changes  that  are  taking  place 

in  the  indications  of  the  meteorological  instruments,  the 

barometer  falling  less  rapidly,  or  even  rising,  when  they  are 

on  the  starboard  tack  (that  is,  with  the  wind  on  the  right), 

and  the  converse  when  they  are  on  the  port  tack,  in  the 

Northern  Hemisphere. 

O.  13.  Also  by  Capt.  Toynbee,  was  undertaken  in  order  to  throw  light 

on  the  storm  in  which  the  '  City  of  Boston '  is  supposed  to 

have  foundered.    It  is  the  most  elaborate  discussion  of 

Atlantic  weather  which  has  appeared,  and  it  shows,  inter 

alia,  how  incomplete  the  materials  are,  and  must  be,  for  any 

synoptic  weather-charts  extending  over  a  wide  stretch  of 

ocean.    It  illustrates  the  generation  of  the  Atlantic  winter 

gales  over  the  warm-water  area  on  the  prolongation  of  the 

Gulf- stream,  and  proves  that  the  centres  of  disturbances  in 

some  cases  move  to  the  east  or  north-east,  at  a  rate  exceeding 

30  miles  an  hour — a  fact  which  is  confirmed  by  the  records  of 

the  self-recording  observatories  in  these  ishmds,  and  by  the 

general  results  of  the  observations  made  over  the  whole  of 

Northern  Europe. 

In  order  to  carry  out  the  same  method  of  investigation  over  a  more 

extensive  field,  the  Office  has  undertaken  the  examination  of  the  w^eather 

of  the  Atlantic  for  the  entire  month  of  August  1873,  when  a  very  severe 

cyclonic  storm  swept  along  the  American  coast  and  did  enormous  damage 

in  Nova  Scotia.    It  is  hoped  that  light  wiU  be  thrown  on  the  actual 

formation  of,  and  the  subsequent  modifications  in,  this  serious  storm,  so 

that  some  attempt  may  be  made  to  solve  the  vexed  problem  of  the  precise 

direction  of  the  motion  of  the  air  in  cyclones  in  reference  to  the  position 
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of  the  centre  of  the  disturbance.  The  Office  has  appealed  to  the  owners 
of  all  British  vessels  at  sea  in  the  Atlantic  during  the  month  in  question, 
and  has  met  with  a  very  satisfactory  response,  having  received  no  less 
than  280  logs,  a  larger  number  than  has  ever  before  been  available  for 
such  an  inquiry. 

The  charge  of  the  issue  of  storm-warnings  &c.  has  necessarily  been 
wholly  confided  by  the  Committee  to  the  Director  of  the  Office,  who,  in 
reply  to  our  inquiry  how  far  the  principles  by  which  he  is  guided  admit 
of  being  formulated,  has  furnished  us  with  the  following  remarks : — 

"  The  chief  of  these  principles,  which  are  only  announced  with  very 
great  diffidence,  as  being  liable  to  material  modification  with  the  growth 
of  experience,  are  as  follows  : — 

''  I.  TTie  Law  Jcnown  as  Buys  Ballots,  which  is  simply  a  general  ap- 
plication of  the  Law  of  Storms  announced  by  Bedfield  and 
Beid. 

"  The  intelligent  application  of  this  principle  to  wind  motion, 
even  on  the  most  extensive  scale,  has  been  the  chief  point  in  which 
modem  meteorology  offers  a  contrast  to  prior  investigations  into 
the  science. 

"  This  law  gives  not  only  the  direction  of  the  wind,  but  also  its 
force,  which  is  measured  with  more  or  less  accuracy  by  means  of 
gradients.  That  it  is  not  absolutely  true  in  all  cases  and  condi- 
tions is  more  than  probable,  although  precise  statements  on  this 
subject  are  not  accessible  as  yet. 

"  As  regards  Direction,  the  indraught  of  wind  across  the  isobars 
in  front  of  an  advancing  storm  is  indisputable,  as  is  the  effect  of 
land  in  modifying  the  motion  of  the  air. 

"  As  regards  Force,  it  is  clear  that  the  same  gradient  does  not  ac- 
company the  same  force  of  wind  from  all  points.  A  further  proof 
of  this  statement  is  to  be  found  in  a  fact  which  has  been  elicited 
by  the  investigations  into  the  meteorology  of  the  sea,  that  for  the 
same  force  of  wind  the  gradient  is  less  in  the  S.E.  than  in  the 
N.B.  Trade. 
"  n.  The  mutual  Relation  of  areas  of  low  and  of  high  Barometrical 
Pressure,  the  former  being  to  a  great  extent  regulated  as  to 
their  motion  by  the  latter,  and  skirting  them  on  their  western, 
northern,  and  eastern  side,  at  least ;  so  that  when  we  have  an  area 
of  high  pressure  situated  over  a  portion  of  these  islands,  we  can 
form  a  good  idea  of  the  probable  direction  of  motion  of  cyclones 
in  our  neighbourhood — e.  g,,  the  existence  of  an  anticyclone  over 
Ireland  is  accompanied  by  the  advance  of  cyclonic  disturbances 
southwards  over  the  Baltic  or  North  Sea,  causing  northerly  gales 
on  the  east  coast  of  England. 

"  The  above  principle  is  manifestly  incomplete,  inasmuch  as  it 
takes  no  account  of  the  rarity  of  any  westward  motion  in  the  cyclones. 
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This  latter  drcumstanoe,  however,  appears  to  be  a  local  pecu- 
liarity, and  it  is  probable  that  if  the  weather  were  studied  over  a 
wider  area,  as  in  the  synoptic  charts  of  Oapt.  Hoffmeyer,  or  those 
projected,  but  not  yet  carried  out,  by  the  United  States  Signal 
Office,  light  would  be  thrown  upon  it.  It  is  certain  that  a  mo- 
tion westward  does  sometimes  occur  even  over  these  islands,  as 
well  as  in  lower  latitudes,  as,  e.  g.,  over  Turkey  in  Asia,  from 
Bagdad  to  Salonika,  Nov.  3-6, 1869. 

"  The  appearance  of  secondary  cyclones  in  connexion  with  larger 
disturbances  of  the  same  nature  is  gradually  attracting  more  and 
more  attention.  These  systems  are  imperfectly  developed,  inas- 
much as,  generally  speaking,  they  exhibit  no  easterly  winds  of 
much  force,  manifesting  themselves  on  the  southern  side  of  their 
primaries,  and  intensifying  the  violence  of  the  westerly  winds 
which  blow  under  such  circumstances. 

"  It  must  be  admitted  that,  not  unfrequently,  the  arrival  of  one 
of  these  satellite  depressions,  in  advance  of  a  more  serious  storm, 
has  enabled  the  Office  to  give  timely  warning  of  the  latter. 

"  The  comparative  rarity  of  the  easterly  winds  in  our  cyclonic 
storms  is  probably  traceable  to  the  constant  exbtenoe  of  an  area 
of  deficient  pressure  near  Iceland,  which  renders  the  formation  of 
steep  gradients  for  easterly  winds  an  unusual  phenomenon. 

**  There  appear  to  be  some  indications  of  principles  by  which  we 
can  recognize  whether  or  not  a  cyclonic  disturbance  is  speedily  to 
be  succeeded  by  another. 

"  If,  after  the  centre  of  a  depression  has  passed  over  us,  the  shift 
of  wind  and  fall  of  temperature  causes  a  great  deamess  of  the 
air,  intense  relation  occurs  at  night,  the  thermometer  on  the 
grass  falling  10^  to  14^  below  that  in  the  shade  4  feet  above  the 
ground.  Under  such  circumstances  it  has  been  noticed  that  the 
advent  of  a  new  depression  is  imminent.  When,  however,  the 
series  of  successive  depressions  has  ceased  for  a  while,  the  wea- 
ther clears  much  less  rapidly,  and  radiation  is  not  nearly  so 
marked. 

*' On  the  whole  thus  much  may  be  affirmed,  that  it  is  to  the  general 
conditions  of  atmospherical  pressure  over  as  large  an  area  as  pos- 
sible that  we  are  to  look  for  an  insight  into  the  probable  changes 
which  are  likely  to  ensue.  To  this  subject  I  shall  shortly 
recur. 
**  in.  Temperature. — As  regards  the  relation  of  this  element  to  atmo- 
spherical disturbance,  there  are  no  definite  principles  which  can 
be  said  to  be  generally  admitted  as  true.  This  may  be  gathered 
from  the  almost  total  silence  on  this  subject  on  the  part  of  those 
who  replied  to  the  circular  of  the  Leipzig  Storm-Warning  Com- 
mittee in  1872. 
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"  Thus  much  may,  however,  be  said:—* 
"  A  great  contrast  of  temperature  over  a  limited  area,  or,  so  to 
speak,  a  great  thermometric  gradient,  being  an  indication  of  serious 
atmospherical  disturbance,  is  a  precursor  or  concomitant  of  a 
storm.  This  fact  has  been  clearly  pointed  out  by  Dove;  but 
more  recent  evidence  on  the  same  head  is  to  be  found  in  the  cir- 
cumstance that  for  five  days,  January  26-^0, 1870,  the  mean  of 
the  temperatures  at  8  a.h.  at  London  and  Valencia  differed  16^, 
being  28®  and  44°  respectively,  a  heavy  southerly  gale  blowing  all 
the  time  over  Ireland.  A  more  recent  instance,  in  which  a  re- 
markable contrast  of  temperature  immediately  preceded  a  very 
serious  storm,  was  on  the  13th  of  November,  1875,  when  the 
reading  at  Scilly  was  57°,  and  at  Wick  21°.  These  figures  give 
the  very  large  difference  of  36°.  The  gale  of  Sunday,  November 
14th,  with  its  accompanying  high  tide,  will  be  fresh  in  the  me- 
mory of  all, 

''  Another  mode  of  utilizing  temperature  in  the  forecasting  of 
storms  is  to  be  found  in  the  long-established  fact  that  an  abnor- 
mally high  temperature,  close  stuffy  weather,  frequently  precedes 
a  storm.  This  principle  has  not  been  reduced  to  numerical 
measure  as  yet. 

"  IV.  Vapmr-Tension  and  Bainfall, — ^Very  much  weight  is  attached 
by  several  meteorologists  to  the  indications  obtainable  from  these 
elements,  as  Mohn  and  Loomis  consider  that  their  disturbance 
and  intensity  determine  the  direction  and  velocity  of  motion  of 
cyclones,  and  that  even  the  very  existence  of  a  cyclonic  disturb- 
ance depends  on  the  presence  of  aqueous  vapour  in  abundance. 

"  For  the  area  of  our  storm-warning  system  ihis  indication  is  ne- 
cessarily of  minor  value,  inasmuch  as  our  district  is  so  intersected 
by  water  that  no  portion  of  it  will  show  such  contrasts  in  regard 
of  vapour-tension  as  subsist  in  continental  stations. 

"  V.  Sea-Disturbance. — This  is  at  times  a  most  valuable  help  towards 
gaining  a  knowledge  of  coming  storms ;  but  it  is  very  untruslr- 
worthy.  The  sea-disturbance,  being  caused  by  the  wind,  is  pro- 
pagated in  the  direction  in  which  that  wind  is  bhwing,  not  in  that 
in  which  it  is  advancing.  Thus  a  veiy  heavy  sea  may  roll  in  on 
our  coasts  without  any  gale  reaching  them;  and  conversely  heavy 
gales,  even  westerly  gales,  like  that  of  November  22^  1872,  may 
come  on  without  any  premonition  in  the  way  of  a  ground-swell. 

"  The  distance  to  which  waves  may  be  propagated  is  indicated  by 
what  has  already  been  mentioned  as  probable,  that  the  '  rollers ' 
of  Ascension  and  St.  Helena  may  be  due  to  N.W.  gales  in  the 
North  Atlantic. 
*^  VI.  Local  Signs. — These  are  really  among  the  most  important  indica- 
tions of  coming  change  $  but  practically  they  can  scarcely  be 

Digitized  by  VjOOQIC 


1876.]  Report  of  the  Meteorological  Committee.  203 

utilized  by  us.  They  cannot  be  reduced  to  rule,  and  they  depend 
ahnoet  entirely  on  personal  experience.  It  is  impossible  in  a 
telegram  to  convey  the  entire  line  of  reasoning  which  leads  one,  in 
the  absence  of  instruments,  to  know  that  a  storm  is  impending. 
The  character,  elevation,  and  motion  of  ^clouds,  the  colour  of  the 
sky,  the  clearness  or  the  contrary  of  the  air,  the  appearance  of 
the  aurora,  and  numerous  other  signs  are  well  known  to  every 
one  who  studies  weather ;  and  from  these  helps  the  cabinet  me- 
teorologist is  entirely  debarred.  He  is  like  a  physician  dealing 
with  a  case  by  correspondence,  without  the  chance  of  a  personal 
interview  with  his  patient ;  for  what  can  a  resident  in  an  inland 
town  like  London,  on  any  given  day,  know  of  the  look  of  the 
weather  on  the  sea-coast  on  the  same  day. 

"  If,  in  conclusion,  I  were  asked  how  our  weather  service  could  be 
most  directly  improved,  on  the  supposition  that  larger  means  were  avail- 
able for  its  prosecution,  I  should  say, — 

*'  A.  The  supply  of  cheap  self-recording  instruments  to  our  principal 
stations,  so  that  the  reporters  should  be  able  to  furnish  intelli- 
gence as  to  the  changes  which  have  taken  place  immediately  pre- 
vious to  the  epoch  for  which  the  report  is  framed. 

"  The  erection  at  a  number  of  well-exposed  outlying  stations  of 
the  automatic  signalling-anemometers  described  in  the  Beport  of 
the  British  Association  for  1874,  p.  37,  in  order  to  warn  the 
nearest  telegraphic  stations  of  the  &ct  that  the  wind  has  reached 
a  given  velocity,  say  30  miles  an  hour.  Want  of  funds  has 
hitherto  prevented  the  carrying  out  of  this  plan. 
*  ''  B.  Additional  stations  at  well-selected  points  on  our  west  coast,  as 
at  Mttllaghmore,  on  Donegal  Bay,  and  at  high  levels,  as  at  Settle, 
in  Yorkshire. 

"  The  former  especially  to  give  more  accurate  indications  of  wind, 
which  from  our  present  stations  is  often  necessarily  incorrect, 
owing  to  the  precipitous  character  of  our  western  coasts,  which 
afEects  the  direction  and  force  of  the  wind.  The  latter  to  furnish 
means  for  a  study  of  the  differences  of  atmospherical  conditions  in 
a  vertical  direction,  which  has  yielded  very  valuable  results  when- 
ever it  has  been  prosecuted. 

"C.  Additional  reports  daily.  This  is  a  most  pressing  want ;  it  has 
been  partially  met  by  the  enterprise  of  the  public  press,  the 
'Times'  having  begun  (Jan.  1876)  to  bear  the  expense  of  an 
evening  message  from  some  stations. 

"  D.  Improved  accuracy  in  transmission  of  the  reports.  This  is,  I 
fear,  hopeless! 

"  E.  Extension  of  the  area  covered  by  our  reports.  This  raises  the 
question  of  international  exchanges ;  and  in  this  particular  it  must 
be  remembered  that  stations  are  not  of  equal  value,  for  a  report 
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from  an  outlying  post,  as  Valencia  or  Sumburgh  Head,  is  worth 
to  the  continental  meteorologists  many  times  more  than  a  report 
from  a  continental  station  is  to  us. 

"  The  extension  of  our  system  westwards,  were  it  possible,  would 
be  of  incalculable  yalue ;  but  America  and  even  Newfoundland  are 
too  distant  for  us  to  reason  with  any  degree  of  certainty  on  what 
the  changes  taking  place  there  may  portend  to  us. 

*<  Eeports  from  the  Azores,  if  supported  by  others  from  Spain  and 

Portu^,  would  be  of  value;  but  they  would  require  confirmation. 

.     At  least  two  simultaneous  reports  from  independent  stations  in 

that  group  of  islands  would  be  required,  in  order  to  afford  means 

•    for  checking  doubtful  statements  or  errors  in  telegraphy. 

"  r.  An  increase  of  the  staff  of  the  Office. 

'*  To  summarize.  More  information  from  existing  stations,  a  large 
extension  of  our  area  of  observation,  and  a  reinforcement  of  the 
staff  for  weather  study,  are  the  chief  requirements  of  our  tele- 
graphic system  at  present." 
In  the  matter  of  the  "  Becommendations  on  the  subject  of  Weather 
Telegraphy,  Daily  Forecasts,  and  Storm-Warning,  and  upon  observations 
of  Weather  within  or  affecting  the  British  Isles,"  made  by  the  Committee 
of  Inquiry' (1866),  it  may  be  said  that  the  progress  of  this  department  of 
meteorology  since  1866  has  been  so  oonsiderable  that  the  importance  of 
several  of  the  Becommendations  has  been  materially  modified  by  recent 
experience.    The  Office  has  carried  out  the  recommendations  iu  principle 
as  regards  the  development  of  the  observing  system,  the  issue  of  storm- 
warnings,  and  the  discontinuance  of  weather  forecasts,  and  as  to  the 
checking  of  the  warnings.    It  has  not,  however,  for  reasons  which  will 
be  stated  hereafter,  published  a  series  of  maxims,  nor  has  it  been  found 
possible,  with  the  present  staff,  to  analyze  strictly  the  principles  on  which 
the  issue  of  warnings,  &c.  has  been  carried  out  from  day  to  day. 

The  staff  has  been  quite  insufficient  to  cope  with  the  serious  discussion 
of  the  weather  charts  which  are  daily  accumulating. 

The  Office  has  cooperated  readily  with  the  United  States  Signal  Office 
in  its  project  for  synchronous  observations  over  the  whole  globe. 

m.  Land  Meteoeologt  of  the  Beitish  IsLAia)s. 

This  branch  of  the  Office  has  been  carried  out  in  accordance  with  the 
plan  sketched  out  in  the  letter  from  the  President  and  Council  of  the 
Boyal  Society  to  the  Board  of  Trade  of  June  16,  1866,  approved  by  the 
Committee  of  Inquiiy  (1866),  and  sanctioned  generally  by  the  Treasury 
in  a  letter  to  the  Board  of  Trade,  dated  November  30, 1866.  The  num- 
ber of  stations  originally  proposed  was  six,  with  possibly  two  additional 
points  of  observation,  situated  in  the  south-west  and  in  the  north-west 
of  Ireland  respectively.  The  six  stations  specified  were  accepted  and 
have  been  in  continual  operation  until  now.    The  Treasury  did  not 
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sanction  the  insertion  on  the  estimates  of  the  full  sum  proposed  by  the 
Meteorological  Committee  for  the  year  1867-68 ;  and  accordingly  the  Com- 
mittee at  first  determined  to  defer  the  establishment  of  the  station  at 
Aberdeen,  in  consideration  of  the  greater  importance  of  records  from 
Valencia.  At  the  request  of  the  authorities  at  Aberdeen,  conveyed 
thK>u^  the  Duke  of  Bichmond,  Chancellor  of  that  University,  the  Com- 
mittee  resolved  to  reconsider  their  proposal ;  and  ultimately  Aberdeen 
was  included  in  the  list  of  places  fitted  out  with  self-recording  instru* 
ments. 

The  choice  of  the^e  stations  was  guided  by  the  fact  of  the  existence  in 
each  locality,  except  Valencia,  of  some  scientific  body  to  whom  the  instru- 
ments could  be  entrusted.  This  involved  the  necessity  of  placing  the 
instruments  in  the  best  available  positions  on  the  premises  of  the  respec- 
tive institutions,  the  funds  available  being  totally  inadequate  for  the 
erection  of  special  structures  for  the  reception  of  the  instruments  or  the 
maintenance  of  special  observing  establishments.  Hence  have  arisen  the 
defects  in  arrangements  as  concerns  temperature  in  regard  of  elevation 
above  the  ground  at  Falmouth  and  Aberdeen,  and  to  a  less  degree  at 
Valencia,  and  as  to  proximity  to  buildings  in  aU  the  observatories.  In 
respect  of  the  four  other  observatories,  not  above  named,  there  is  no 
doubt  the  thermometrical  indications  do  afford  as  thoroughly  satis&ctory 
a  record  of  temperature  as  is  required — ^this  point  having  been  proved  1^ 
direct  experiments  by  Dr.  Stewart  for  Kew,  and  by  the  Eev.  Dr.  Bobin- 
son  for  Armagh. 

Absolute  nniformity  in  conditions  of  exposure  is  totally  unattainable, 
as  was  fully  recognized  at  the  Vienna  Meteorological  Congress  in  1873. 

The  observatories  were  set  in  action  in  1868,  and  with  the  year  1869 
the  publication  of  the  *  Quarterly  Weather  Eeport'  was  commenced.  This 
was  projected  in  order  to  overcome  the  difficulty,  universally  recognized, 
of  the  absence  of  uniformity  in  epochs  of  observation  in  the  different 
countries.  A  reproduction  of  the  automatic  curves  was  considered  to  be 
of  paramount  importance  in  order  that  the  records  at  observatories  should 
be  independent  of  any  choice  of  hours  for  observation  or  of  any  scales, 
and  the  value  of  such  a  reproduction  was  strongly  urged  by  the  Com- 
mittee of  Inquiry  (1866). 

The  execution  of  the  plates  was  rendered  possible  by  the  invention  of 
certain  special  instruments  and  processes,  for  which  the  Office  is  indebted 
to  Mr.  E.  Ghdton  and  Mr.  De  La  Eue,  and  which  are  in  constant  use,  as 
explained  in  the  several  AnnnAl  Eeports  of  the  Office. 

The  curves  were  at  first  reproduced  by  the  lithographic  process,  but 
of  late  years  that  of  copper-plate  printing  has  been  introduced. 

The  degree  of  accuracy  aimed  at  is  0*02  in.  for  the  barometer,  and 
(f'b  for  the  thermometer;  and  the  plates  furnish  a  continous  record  of — 
Pressure. 
Temperature  (Dry  and  Wet  Bulb). 
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Vapour-Tension. 

Wind  (Direction  and  Hourly  Velocity). 

Bain  (Hourly  Amount). 

It  may  be  asserted,  without  fear  of  contradiction,  that  no  record  of  a 
completeness  and  accuracy  at  all  approaching  that  attained  by  the  plates 
in  question  has  yet  been  attempted  in  any  other  country,  and  that  more- 
over the  Meteorological  Office  is  the  only^Meteorological  establishment 
which  itself  publishes  the  materials  for  testing  the  accuracy  of  its  pub- 
lished numerical  values. 

In  the  matter  of  accuracy  many  important  advances  have  been  made 
since  1867,  owing  to  the  growth  of  experience,  and  the  methods  of  treat- 
ment of  the  records  have  much  improved. 

The  text  of  the  '  Quarterly  Weather  Beport '  has  been  a  consecutive 
journal  of  the  weather,  and  the  tables  have  given  the  five-day  means 
of  the  barometer  and  the  dry  and  wet  thermometer,  from  hourly  mea- 
surements of  the  curves,  together  with  monthly  means  of  the  same 
elements,  and  of  vapour-tension  and  deduced  dry-air  pressure,  as  well  as 
extreme  readings  of  the  barometer  and  dry  thermometer. 

A  request  having  been  made  for  the  publication  of  the  actual  hourly 
readings  of  the  measurements  of  the  curves,  this  has  been  complied  with. 
These  volumes  have  been  issued  since  January  1874,  and  distributed  to 
the  principal  libraries  at  home  and  abroad. 

The  preparation  of  the  plates  and  tables  above  mentioned  occupies 
nearly  the  entire  time  of  the  available  staff  of  the  Office ;  so  that  no  pre- 
sent prospect  exists  of  a  systematic  discussion  of  the  returns,  so  as  to 
calculate  the  periodical  variations  of  the  different  elements.  This  for  the 
seven  observatories  will  be  a  heavy  task ;  and  it  is  for  consideration 
whether  some  special  steps  should  not  be  taken  for  effecting  it,  as  the 
first  five-yearly  period  over  which  the  observations  extended  closed  with 
the  past  year,  and  it  was  held  by  the  Vienna  Congress  that  such  calcula- 
tions should  be  effected  for  "  lustra  "  (periods  of  five  years)  ending  with 
years  which,  according  to  our  present  calendar,  are  multiples  of  five. 

The  '  Quarterly  Weather  Beport'  has  contained  in  addition  various  ap- 
pendices, which  are  as  foUows : — 

1869.  Notes  on  easterly  gales. 

1870.  Mean  barometrical  pressure  at  telegraphic  reporting  stations. 
Bftinfall  at  telegraphic  reporting  stations. 

A  translation  of  Bessel's  Paper  on  the  Determination  of  the 
Law  of  a  Periodical  Phenomenon. 

1871.  A  discussion  of  the  anemometrical  results  for  Sandwick  Manse, 

Orkney,  1863-68. 

Mean  monthly  rainfall  at  certain  stations  in  the  United  King- 
dom. 

Constants  for  Bessel's  Formula  for  the  Observatories  for 
1869-70. 
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1872.  Discussion  of  the  anemomefcrical  results  at  Berm  uda,  1859-63. 

1873.  Eainfall  of  the  London  district  for  60  years,  1816-1872,  by 

G.  Dines,  F.M.S. 
Besults  of  obseryations  taken  at  certain  stations  of  the  Second 
Order  for  the  year  1873.] 

The  Appendix  last  mentioned  leads  to  an  important  subject  calling  for 
remark — the  study  of  the  climatal  conditions  of  these  islands  by  means 
of  returns  from  stations  auxiliary  to  the  self-recording  observatories. 

Such  stations  haTO  been  gradually  organized ;  and  in  January  1873  the 
Committee  were  able  to  inform  the  Eegistrar-General,  in  reply  to  an  in- 
quiry made  by  him,  that  if  the  Office  were  called  upon  to  furnish  mate- 
rials to  him  for  his  statistical  returns,  it  was  in  a  position  to  do  so. 

Of  late  the  list  of  stations  in  connexion  with  the  Office  has  received 
an  important  reinforcement  by  the  conclusion  of  an  arrangement  by 
which  the  Meteorological  Society  (of  London)  supplies  returns  from  some 
of  its  stations,  in  return  for  a  small  annual  grant  to  defray  the  expense 
of  copying. 

That  Society  has  recently  organized  a  system  of  stations  with  much 
care,  which  exhibit  a  satisfactory  agreement  as  to  the  character  of  the 
instruments  and  the  conditions  under  which  all  the  observations  are  taken. 

This  cooperation  of  the  Society,  and  of  a  considerable  number  of  pri- 
vate observers  throughout  the  country  who  have  volunteered  to  supply 
their  schedules  of  observation  gratis,  renders  it  possible  for  the  Office  to 
take  its  part  in  the  general  international  scheme  of  publication  of  returns 
from  eye-observations  proposed  by  the  Permanent  Committee  of  the 
Vienna  Congress,  in  order  to  facilitate  climatological  inquiries. 

The  publication  of  these  returns,  demanded  for  15  stations  in  the 
United  Kingdom,  has  been  commenced  for  England  and  Ireland.  As  for 
Scotland,  it  is  hoped  that  the  Scottish  Meteorological  Society  will  supply 
their  quota  of  materials  for  this  international  object. 

The  Committee  have  felt  it  their  duty  to  afford  every  facility  to  their 
Director  to  attend,  as  their  representative,  the  meetings  of  the  various 
Meteorological  Congresses  which  have  been  held  of  late  years,  and,  more- 
over, have  entertained  the  members  of  the  Conference  on  Maritime  Me- 
teorology, which  was  held  at  their  Office  in  August  1874. 

The  Office  is  therefore  at  present  fulfilling  all  that  is  called  for  from 
this  country  for  international  purposes,  as  defined  by  the  Permanent 
Committee  of  the  Vienna  Congress ;  and  there  can  be  no  doubt  that  the 
information  now  coming  in  is,  as  regards  accuracy,  fully  equal,  if  not  supe- 
rior, to  any  published  from  a  similar  system  of  stations  in  any  country. 

Further  may  be  mentioned  the  fact  of  the  recent  publication  by  the 
Office,  at  the  request  of  the  Government,  of  a  volume  entitled  "  Instruc- 
tions in  the  Use  of  Meteorological  Instruments,"  which  has  been  com- 
piled with  the  assistance  of  several  meteorologists  unconnected  with  the 
Office. 

TOL.  XXTT.  ft.  , 
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The  Scottish  Society  have  sought  to  obtain  a  grant  in  aid  of  their 
general  objects  from  the  Parliamentary  rote ;  but  the  Committee  have 
considered  that,  as  they  are  only  agents  for  directing  the  application  of 
the  fund  at  their  disposal,  they  have  no  authority  to  make  grants  to  be 
dealt  with  at  the  discretion  of  other  bodies,  and  that  their  action  is  re- 
stricted by  the  conditions  that  the  objects  to  which  it  is  directed  shall  be 
among  those  for  which  the  grant  is  made,  and  that  the  expenditure  shall 
take  place  in  a  manner  that  admits  of  their  exercising  a  control  over  its 
objects  and  results. 

Before  lea>'ing  this  branch  of  the  subject,  the  Committee  would  re- 
mark that  their  operations  would  have  been  seriously  crippled  in  the 
year  1871,  when  the  British  Association  withdrew  its  annual  subsidy  to 
Kow  Observatory,  the  central  observatory  of  their  system,  had  not  Mr. 
Gassiot,  one  of  their  own  body,  come  forward  and  most  munificently 
placed  in  the  hands  of  the  Eoyal  Society  a  sum  of  £10,000  for  the  en- 
dowment of  the  establishment,  thereby  affording  ample  funds  for  the 
continuance  of  the  observatory  in  full  activity. 

In  conclusion  the  Committee  would  make  a  few  general  remarks  on 
the  principles  that  have  guided  them  in  organizing  the  Meteorological 
Office  and  controlling  its  operations. 

They  have  considered  it  to  be  their  duty  to  give  general  effect  to  the 
recommendations  of  the  Committee  of  180(1,  and  to  establish  and  carry 
on  for  a  considerable  length  of  time,  with  the  least  possible  amount  of 
change,  a  well-arranged  and  uniform  system  of  observation  and  of  publi- 
cation, being  satisfied  that  continuity  of  method  is  one  of  the  most  essen- 
tial elements  of  success  in  dealing  with  complicated  physical  phenomena. 

The  Committee  on  their  first  appointment  laid  down  ^nth  much  deli- 
beration the  course  to  be  pursued  by  the  Office,  and  gave  considerable 
attention  to  the  removal  of  the  numerous  difficulties  which  necessarily 
occurred  in  the  establishment  of  so  much  that  was  novel,  especially  in 
connexion  with  the  self-recording  instruments. 

Seeing  that  the  Committee  of  ISGO  had  recommended  a  renewed  in- 
quiry into  the  proceedings  of  the  Office  after  three  years'  trial,  and  feel- 
ing that  under  any  circumstances  its  constitution  was  only  pro>-isional, 
the  Committee  have  aimed  at  leaving  the  principal  officers  employed  in 
the  duties  of  the  department  as  little  fettered  as  possible  as  to  the  pre- 
cise manner  in  which  details  were  conducted,  looking  rather  to  securing 
satisfactory  results  of  the  work,  and  to  exercising  that  strict  financial 
control  over  the  application  of  the  funds  placed  at  their  comnuind  which 
their  duty  to  the  Eoyal  Society  and  the  Government  required  of  them. 

They  have  also  felt  that,  in  the  existing  condition  of  meteorological 
knowledge,  it  would  have  been  not  only  presumptuous  on  their  part,  but 
positively  mischievous  to  liave  attempted  to  assume  a  position  of  autho- 
rity in  enunciating  new  doctrines  of  their  on^ti  or  in  criticising  the 
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opinions  of  others,  and  that  their  power  of  producing  useful  results 
would  have  been  seriously  impaired  if  they  had  in  any  way  departed 
from  the  purely  neutral  attitude  of  accumulating  a  fiuthful  record  of 
facts  destined  to  furnish  materials  for  scientific  discussion. 

Although  there  exists  a  large  quantity  both  of  published  and  unpub- 
lished data  in  the  possession  of  the  Office,  which  places  their  staff  in  an 
exceptional  position  for  conducting  elaborate  inyestigations  into  the  con- 
ditions of  the  weather,  nerertheless  the  Ck)mmittee  hare  found  it  im* 
possible  to  provide  for  the  adequate  carrying  on  of  such  investigations  by 
means  of  their  own  staff,  the  time  of  their  chief  executive  officers  being 
so  much  occupied  by  the  heavy  current  business  of  the  Office  as  to  leave 
them  no  leisure  for  the  purpose ;  nor  have  the  Committee  been  able  to 
assign  out  of  the  funds  at  their  disposal  enough  to  secure  additional  as- 
sistance of  a  proper  scientific  character.  If  they  had  diverted  any  of 
these  funds  to  purely  scientific  discussions  it  would  have  crippled  other 
parts  of  their  work,  which  appeared  to  them,  imder  the  existing  condi- 
tions and  for  the  time  being,  to  be  still  more  important  and  to  be,  in  a 
measure,  obligatory  on  them. 

It  will  readily  be  understood  that  the  Committee  holding  such  views 
makes  no  claim  to  having  given  an  independent  impetus  to  the  progress 
of  any  special  branch  of  meteorological  science,  though  they  feel  satisfied 
that  their  operations  have  in  an  important  manner  facilitated  the  natural 
development  of  accurate  meteorological  conceptions.  All  conversant 
with  the  fiicts  will  agree  that  a  very  great  advance  has  been  made  in 
this  respect  since  the  Committee  was  formed.  The  Committee  will  not 
attempt  to  distinguish  all  the  various  causes  that  have  conduced  to  this 
advance ;  but  among  them  are  certainly  to  be  recognized  the  organization 
of  the  system  of  continuously  self-recording  observatories  and  the  publi- 
cation in  the  '  Quarterly  Weather  Seports,'  with  a  remarkable  degree  of 
accuracy,  of  a  graphical  reproduction  of  the  records  thus  obtained ;  the 
constantly  increasing  attention  paid  by  the  officers  of  the  Meteorological 
Office  to  the  accurate  and  prompt  preparation  and  distribution  of  the 
lithographed  Daily  Weather  Charts,  their  intelligent  study  of  the  facts 
recorded  under  their  direction,  and  their  cordial  cooperation  with  other 
bodies  interested  in  similar  objects,  whether  in  this  country  or  abroad^ 
The  experience  gained  in  the  preparation  of  the  Daily  Morning  Weather 
Charts  has  enabled  the  Office  to  prepare  smaller  charts,  which  are  sup- 
plied for  publication  in  several  daily  papers  in  London  and  the  provinces. 
This  indication  that  such  information  is  appreciated  by  the  public  is  fur- 
ther corroborated  by  the  fact  that  similar  Charts  containing  information 
for  the  evening  have  been  asked  for,  and  are  now  fmnished  by  the  Office 
to  the  'Times/ 

The  Committee  being  aware  that  the  Government  has  entrusted  to 
another  body  the  duty  of  inquiring  how  the  functions  they  have  per- 
formed may  best  be  discharged  in  the  future,  they  will  only  permit 
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their  remarks  to  extend  beyond  a  review  of  the  past  in  three  parti- 
culars. 

First.  They  look  forward  with  great  hope  to  the  effect  of  increased 
international  cooperation  on  a  large  scale,  towards  which  important 
sfceps  have  already  been  taken  at  recent  Meteorological  Congresses.  The 
detached  labours  of  numerous  meteorological  institutions  will  thereby  be 
presented  in  a  strictly  comparable  form,  and  may  readily  be  combined 
in  synoptic  charts  or  in  any  other  manner  into  a  single  whole.  They 
think  it  is  impossible  to  overstate  the  importance  of  measures  tending  to 
such  a  result. 

Secondly.  They  consider  it  to  be  a  point  of  much  importance  that  the 
meteorological  societies  and  independent  observers  of  this  country  should 
be  more  generally  induced  to  work  in  unison  with  an  Office  maintained 
by  grants  from  Parliament,  so  &r  as  their  several  efforts  are  directed  to 
the  same  field  of  inquiry.  Administrative  difficulties  have  hitherto  pre- 
vented the  accomplishment  of  as  much  in  this  direction  as  could  be  de- 
sired ;  but  the  Committee  fully  recognize  that  it  would  be  advisable  to 
utilize  more  completely  than  has  yet  been  done  the  energy  of  independent 
meteorological  societies  or  individuals,  and  they  believe  that  this  admits 
of  being  effected  on  conditions  that  would  be  suitable  and  acceptable  to 
them. 

Lastly.  They  feel  it  necessary  to  say  that  for  the  further  advancement 
of  Meteorology  greater  attention  to  its  more  strictly  scientific  aspect 
will  in  the  future  be  essential.  Merely  empirical  rules,  however  sound 
be  their  foundation,  can  never  become  really  trustworthy  guides  of  action 
until  the  principles  that  underlie  them  are  established,  and  the  circum- 
stances are  appreciated  under  which  deviations  from  the  ordinary  course 
of  events  arise.  It  can  hardly  be  disputed  that  in  the  course  of  the  past 
nine  years,  since  the  appointment  of  the  Committee,  the  general  progress 
of  the  science  of  Meteorology  in  this  country  and  abroad  has  been  such 
that  the  application  to  it  of  exact  principles  seems  to  have  become  not 
only  possible  but  requisite  ;  without  them  the  full  practical  advantage  of 
existing  means  of  observation  will  not  be  secured,  and  it  is  only  by  aid 
of  scientific  discussion  of  the  facts  that  these  principles  are  to  be  ascer- 
tained. 

They  would  suggest,  as  a  probable  mode  of  attaining  the  object  they 
have  in  >dew,  the  application  of  a  portion  of  any  future  grant  to  the  pre- 
paration of  reports,  or  the  carrying  out  of  researches  on  special  subjects 
connected  with  meteorological  science  by  qualified  persons  to  be  selected 
from  without  and  employed  independently  of  the  ordinary  staff  of  ofiicers 
engaged  on  other  duties. 

The  Committee  are  only  too  well  aware  of  the  difficulties  that  are 
likely  to  attend  the  progress  of  Meteorology  as  an  exact  science ;  but 
difficulties  apparently  as  great  have  been  overcome  in  other  directions, 
«vnd  perseverance  and  time  will  doubtless  remove  those  now  in  question. 
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IV,  ''  On  the  Structure,  Physiology,  and  Development  of  Ante- 
don  {Comatula,  Lamk.)  rosaceus'^  By  William  B.  Car- 
penter^ M.D.,  F.B.S.     Received  December  16, 1875» 

[Plates  8,  9.] 

When,  in  1865, 1  communicated  to  the  Eoyal  Society  the  riret  Part  o£ 
a  Monograph  on  the  Anatomy,  Physiology,  and  Development  (excluding 
the  earliest  stages  previously  described  by  Prof.  Wyville  Thomson)  of  an 
animal  which  might  be  regarded — except  in  certain  comparatively  imim- 
portant  particulars — as  a  type-form  of  the  whole  Cbinoidal  series,  I  had 
so  nearly  concluded  my  investigation  of  the  subject  of  it,  that  I  fully 
contemplated  the  presentation  of  the  Second  and  concluding  part  in  the 
course  of  a  year  or  two.  Uncertain  health,  however,  interfered  with  its 
completion  in  the  first  instance ;  and  my  spare  time  has  since  then  been 
so  fiir  taken  up  by  the  various  inquiries  that  have  arisen  out  of  the  Deep- 
Sea  researches  which  I  prosecuted  in  the  vacations  of  1868  and  three 
following  years,  that  I  have  found  myself  quite  unable  to  resume  the 
study  of  AnUdon,  Thus  it  comes  to  pass  that,  though  I  have  now  had 
by  me  for  a  period  of  ten  years  the  results  of  my  previous  labours,  as 
presented  in  several  himdred  preparations,  with  a  series  of  most  admirable 
drawings  executed  by  Messrs.  George  West  and  A.  Hollick,  illustrating 
almost  every  point  of  primary  importance  not  only  in  its  structure,  but  also 
in  the  history  of  its  development  from  nearly  the  earliest  Pentacrinoid 
stage,  all  this  material  has  remained  unpublished ;  for  I  have  felt  that  the 
completion  of  my  Monograph  in  a  manner  worthy  of  its  subject  required 
that  certain  obscurities  should  be  dissipated  and  certain  gaps  filled  up  ; 
and  it  now,  also,  becomes  desirable  that  the  Histology  of  this  type  should 
be  more  fully  elucidated  by  the  aid  of  modem  appliances,  and  that  the 
earUest  phases  of  its  Development  should  be  thoroughly  reinvestigated. 
I  especially  desire  to  ascertain  whether  the  free-swimming  larva  (or 
pseudembryo)  has  a  Oastrcea  stage,  and  to  follow  out  the  derivation  of 
ttie  gastric  and  perivisceral  cavities  of  the  Pentacrinoid,  and  of  its  original 
tentacular  system,  from  the  structures  of  the  pseudembryo — points  on 
which  Prof.  Wyville  Thomson's  Memoir,  admirable  as  it  is,  does  not 
enlighten  us.  This  stage  of  the  history  has  been  subsequently  studied 
by  a  most  able  observer,  Herr  Metschnikoff  * ;  and  the  conclusions  he 
has  arrived  at  in  regard  to  the  origin  of  the  tentacular  system  I  find 
to  be  essentially  accordant  with  those  which  I  had  drawn  from  my  own 
researches  on  a  later  stage. 

In  the  autumn  of  the  year  1868  I  had  the  pleasure  of  a  visit  from 
Dr.  Semper,  who  had  then  newly  returned  from  a  long  residence  in  the 
Philippine  Islands,  where  he  had  not  only  made  a  large  collection  of 
different  species  of  AnUdon  (including  many  new  ones  of  singular  con- 

*  BuUeUDs  do  I'Acad.  Ixnp^r.  do  St.  P^tewb.  1870,  pp.  608,  609. 
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formation),  but  had  also  investigated  their  structure  to  an  extent  suffi- 
cient to  enable  him  to  recognize  the  erroneousness  of  many  of  the  state- 
ments put  forth  by  Prof.  J.  Miiller  in  his  celebrated  Memoir  of  1841, 
*TJeber  den  Bau  des  Pentacrinus  Caput  Medusas'  which  has  been  the 
principal  authority  as  to  the  structure  of  the  Ceinoidba  for  all  subsequent 
writers  of  zoological  text-books.    I  then  placed  before  Dr.  Semper  not 
only  the  already  published  First  part  of  my  Memoir,  but  also  the  materiiJs 
I  had  collected  for  the  Second ;  and  finding  that  my  main  conclusions 
agreed  completely  with  those  at  which  he  had  arrived,  he  most  kindly 
offered  to  hold  back  the  publication  of  his  own  views  until  I  should  have 
given  mine  to  the  world.    Having  been  subsequently  appointed  to  the 
Chair  of  Zoology  in  the  University  of  Wurzburg,  Prof.  Semper  has  of 
course  taught  to  his  students  what  both  he  and  I  regarded  as  the  truth 
of  many  things  erroneously  viewed  by  J.  Miiller ;  and  another  investi- 
gator, M.  Edmund  Perrier*,  having  in  the  meantime  entered  the  field, 
and  reproduced  some  of  Miiller's  errors.  Prof.  Semper  has  thought  it 
right  to  give  a  wider  publicity  to  his  convictions  on  the  subject,  which 
my  own  protracted  delay  fully  justified  him  in  doing.     "  In  the  year 
1868,"  he  says,  "  I  was  intending  to  publish  a  short  memoir  on  that 
which  I  had  found,  when,  becoming  acquainted  in  London  with  Dr.  Car- 
penter, I  was  delighted  to  learn  that  that  able  observer  had  obtained 
exactly  the  same  results  on  European  as  I  on  Philippine  Cmnatulce,    In 
the  expectation  that  the  English  investigator  would  soon  publish  his 
already  prepared  work  on  the  Crinoidea,  I  deferred  till  now  the  com- 
munication of  the  results  of  my  examination ;  but  since,  after  five  years 
waiting,  there  is  imminent  risk  that  from  my  lectures  the  results  of 
Carpenter's  and  my  own  toilsome  investigations  may  somehow  find  their 
way  into  publicity,  I  hold  that  the  moment  has  arrived  to  break  the 
silence  I  have  hitherto  kepf't.    For  the  same  reason  I  think  it  desirable 
to  place  on  record  without  further  delay  the  general  results  of  my  own 
investigations,  with  such  illustrations  as  may  render  my  descriptions 
intelligible — though  I  have  reason  to  hope  that  the  time  may  not  be  far 
distant  when  I  may  be  able  to  present  to  the  Eoyal  Society  the  Second 
Part  of  my  Memoir,  giving  with  the  First  such  a  detailed  account  of  the 
Structure  and  Life-history  of  this  type  as  may  serve  as  a  basis  for  the 
description  of  the  Pedunculate  Crinoids  known  as  living  types.    Of  these 
I  have  already  examined  two  of  the  West-Indian  species  of  Pentaerinus, 
with  the  P.  WyviUe^ThorMoni  (of  which  several  specimens  were  obtained 

J^  Archiyes  de  Zoologie  Exp^riznentale,  torn.  ii.  1873,  pp.  29-86. — ^This  obeerrer  has 
confined  himself  to  the  study  of  the  arms,  examining  their  terminations  as  transparent 
objects.  In  this  manner  he  has  added  much  to  our  knowledge  of  their  Histology ;  but, 
through  not  having  examined  transverse  sections  of  the  arms  and  pinnules,  he  has  not 
only  failed  to  recognize  the  true  tentacular  canal,  but  has  been  lad  to  sJSirm  that  there 
is  only  one  canal-system  in  the  brachial  apparatus, 
t  Ann.  k  Mag.  Nat.  Hist.  Sept.  1875,  p.  202. 
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in  the  second  *  Porcupine'  Expedition  off  the  coast  of  Portugal) ;  and  I 
haye  further  information  to  give  on  the  Hhizoerinus  Lofotemis  (Sars),  the 
recent  type  of  the  Apiocrinida.  These,  with  the  numerous  other  Crinoids 
collected  during  the  *  Challenger'  ExpeditioD,  will  doubtless  furnish  ample 
materials  for  such  an  elucidation  of  the  Structure  and  Life-history  of 
this  most  interesting  group  as  may  afford  a  secure  basis  for  the  scientific 
study  of  its  great  Fal»ontological  series. 

Akatomy. 
Cali/x  and  its  Contents, 

Calyx.— The  shallow  basin  (Phil.  Trans.  1866,  plate  XTxii.  ^g.  2)  which 
holds  the  central  portion  of  the  visceral  apparatus  is  formed  not  only 
by  the  first,  second,  and  third  Badials,  but  aJso  by  the  first  and  second 
purs  of  Brachials,  together  with  the  basal  segments  of  the  pinnules 
borne  by  the  second — ^these  portions  of  the  calcareous  skeleton  being  so 
connected  laterally  by  intervening  perisome  as  to  complete  the  wall  of 
the  concavity.  This  concavity  is  lined  by  a  smooth  membrane,*  which 
may  be  conveniently  and,  I  think,  correctly  termed  peritoneum,  as  it 
forms  the  immediate  boundary  of  the  perivisceral  cavity  or  ecelom.  The 
calyx  is  shut  in  above  by  the  perisome  of  the  oral  disk,  which  is  lined  by 
a  continuation  of  the  peritoneum;  and  this  is  also  reflected  over  the 
**  visceral  mass"  which  occupies  the  cavity  thus  enclosed.  This  "  visceral 
mass"  is  a  compact  lenticular  body,  which  includes  the  whole  digestive 
and  sanguigenous  apparatus,  with  the  central  portion  of  the  circulatory 
and  respiratory  systems  and  the  prolongation  of  the  axial  cord  of  the  stem, 
from  which  is  given  off  the  generative  rachis  that  passes  into  each  arm ; 
but  it  does  not  include  either  what  I  regard  as  the  nervous  centre  or 
the  generative  organs  (testes  or  ovaries)h — the  former  being  contained 
in  the  cavity  of  the  centro-dorsal  basin  which  underlies  the  calyx,  while 
the  latter,  as  has  long  been  known,  are  distributed  through  certain 
pinnules  of  the  arms. 

Oral  Disk, — The  membranous  perisome  which  forms  the  oral  disk  is 
ccmtinuous  with  that  which  is  prolonged  over  the  oral  surface  of  the 
arms  and  pinnules,  and  which  also  dips  down  between  the  basal  segments 
of  the  arms  to  complete  the  cavity  of  the  calyx.  Towards  the  mouth 
(PhiL  Trans.  1866,  plate  xxxii.  fig.  3),  which  is  situated  in  its  centre, 
five  radial  furrows  converge,  each  of  them  formed  by  the  union  of  two 
eonyerging  brachial  furrows.  The  distance  from  the  mouth  at  which  thi 
union  takes  place  is  by  no  means  constant ;  and  I  attach  little  value  as 
a  specific  character  to  variations  in  the  distribution  of  these  furrows. 
The  floor  of  each  consists  of  what  appears  to  be  a  layer  of  columnar 
epithelium,  which  I  believe  to  be  ciliated.  Its  sides  are  formed  by 
elevated  ridges  of  the  perisome,  each  of  which  is  scolloped  at  its  edges 
so  as  to  form  a  row  of  minute  valvules  (the  <*crescentic  leaves"  of 
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Wyville  Thomson),  from  within  every  one  of  which  there  rises  a  pair  of 
non-extenaile  tubular  tentacles.  Each  pair  of  tentacles  springs  from  a 
base  common  to  it  with  the  leaflet ;  and  tliis  base  communicates  by  a 
single  oval  orifice  with  the  tentacular  canal,  which  lies  immediately  beneath 
the  epithelial  floor  of  the  furrow.  (This  is  quite  distinct  from  the  "  ten- 
tacular canal "  of  previous  authors,  which  lies  below  it  and  has  no  con- 
nexion whatever  with  the  tentacles,  and  which  I  term  the  subtentacuZar 
canal.)  The  convergence  of  the  five  radial  furrows  towards  the  mouth 
gives  it  when  viewed  from  above  somewhat  the  form  of  a  five-rayed  star, 
the  adjacent  rays  being  separated  by  rounded  projecting  lobes  of  perisome 
(Plate  8.  fig.  2,  m,  m),  beneath  which  (as  shown  at  a,  figs.  2, 3)  is  situated 
the  true  mouth  surrounded  by  a  thickened  annular  lip.  "Within  each  of 
the  five  lobes  of  perisome  there  arise  from  the  annular  lip,  by  separate 
bases,  a  series  of  from  eight  to  ten  thick-walled  tentacles,  each  of  which 
has  its  own  orifice  of  communication  with  the  interior  of  the  oral  ring. 

The  true  tentacular  canals  are  the  representatives  of  the  "  radial  vessels '' 
described  by  Prof.  Wyville  Thomson,  in  his  account  of  the  Pentacrinoid 
larva,  as  extensions  of  the  oral-ring  canal,  which,  as  will  hereafter  appear 
(p.  227),  is  a  derivative  of  the  perivisceral  cavity,  marked  off  from  it  by 
threads  of  connective  tissue,  as  shown  at  re,  figs.  10,  11.  In  the  adult 
Antedon,  however,  the  thickened  annular  lip  which  surrounds  the  mouth 
does  not  contain  any  distinct  ring-canal,  its  original  cavity  having  been 
almost  entirely  fiilled  up  by  threads  and  bands  of  connective  tissue,  and 
by  a  set  of  c»cal  tubuli,  as  to  the  precise  relations  of  which  I  am  at 
present  in  doubt.  But  the  true  tentacular  canals  still  pass  towards  it, 
and  seem  to  lose  themselves  in  what  may  be  called  its  "  interspace  sys- 
tem,'' this  being  continuous  with  that  which  has  come  almost  entirely 
to  occupy  (as  shown  in  fig.  3,  Jc)  the  portion  of  the  perivisceral  cavity 
that  originally  lay  open  within  the  intestinal  coil. 

The  subtentamUtr  canals,  on  the  other  hand,  radiate  continuously  from 
the  neighbourhood  of  the  mouth  to  the  bases  of  the  arms,  each  of  the 
five  radial  trunks  divaricating  into  two ;  but  they  do  not  give  off  any 
branches  or  extensions  whatever  until  they  reach  the  arms,  where  alter- 
nating lateral  extensions  pass  into  the  pinnules.  On  approaching  the 
mouth,  where  the  oral  perisome  becomes  continuous  with  the  lining  of 
the  cBsophagus,  these  canals  dip  downwards  into  the  "  visceral  mass,"  as  waa 
long  since  described  by  Heusinger*,  though  he  did  not  trace  their  further 
course  in  its  interior.  I  shall  presently  show  that  they  there  all  become 
continuous  (as  at  I,  fig.  2)  with  the  single  " axial  canal"  (^),  which  passes 
downwards  towards  the  centre  of  the  dorsal  surface  of  the  visceral  mass, 
and,  through  that  canal,  with  the  deeper  or  dorsal  portion  of  the  peri- 
visceral cavity.  And  the  history  of  the  development  of  the  subtentacular 
canals  (Plate  9.  fig.  12,  stc)  plainly  shows  that  they  too  are  derivatives  from 
the  upper  or  oral  portion  of  the  same  cavity,  which  the  progressive  increase 
*  Zeitachrift  fiir  organ.  Physilr,  Bd.  iii.  (1829),  p.966<. 
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of  the  yiscend  mass,  and  the  formation  of  membranous  adhesions  (as  at  nt, 
fig.  12)  between  the  apposed  surfaces  of  its  peritoneal  covenngand  of  the 
peritoneal  lining  of  the  calyx,  separate  into  an  upper  and  a  lower  portion, 
whose  communication  with  each  other  is  maintained  by  the  axial  canal. 

The  oral  perisome  is  perforated  in  the  spaces  between  the  radial  fur- 
rows (especially  near  the  angles  formed  by  their  junction  in  the  mouth) 
by  numerous  minute  pores  surrounded  by  ciliated  epithelium,  whose  cilia 
I  have  seen  in  extremely  active  movement,  apparently  inwards.  These 
are  the  orifices  of  funnel-shaped  canals,  which  first  pass  vertically  through 
the  perisome,  and  then  contract  and  take  an  oblique  direction,  opening 
(I  believe)  into  a  system  of  sinuses,  which  are  left  by  the  incomplete 
adhesion  of  the  peritoneum  covering  th^  upper  surface  of  the  visceral 
mass  to  that  which  lines  the  under  surface  of  the  oral  perisome.  If 
this  be  the  case,  they  obviously  establish  a  direct  connexion  between  this 
limited  portion  of  the  perivisceral  cavity  and  the  medium  inhabited  by 
the  animal ;  and  the  water  thus  introduced  probably  serves  a  respiratory 
purpose*. 

Periviscercd  Cavity, — The  adhesion  of  the  under  surface  of  the  oral 
perisome  to  the  upper  surface  of  the  visceral  mass  is  so  close  that  they 
can  only  be  detach^  by  tearing,  after  both  have  been  hardened  in  spirit. 
The  peritoneal  covering  of  the  lower  or  dorsal  surface  of  the  visceral  mass, 
on  the  other  hand,  is  but  slightly  adherent  to  the  opposite  peritoneal  sur- 
face lining  the  deeper  part  of  the  concavity  of  the  calyx,  although  usually 
in  close  contact  with  it ;  and  thus,  when  the  periphery  of  the  oral  disk 
has  been  cut  through,  the  visceral  mass  adherent  to  its  lower  surface  may 
be  lifted  entire  out  of  the  calyx,  without  rupture  of  any  thing  but  a 
pedicle  (A,  figs.  2,  3)  which  passes  up  as  a  continuation  of  the  original 
Grinoidal  axis,  through  the  "  rosette  "  (Part  I.  §  35)  formed  by  the  meta- 
morphosis of  the  original  Basals.  Hence  it  often  happens  that,  through 
the  tearing  of  their  oral  perisome,  which  is  very  soft  in  the  living  state, 
specimens  of  Antedon  come  up  in  the  dredge  completely  eviscerated ;  and 
I  have  strong  evidence  that  even  this  loss  may  be  repaired  (as  the  like 
evisceration  is  said  to  be  in  Holothuridd)  by  the  production  of  a  new 
visceral  mass  from  the  "  axial  prolongation." 

Although  the  visceral  mass  so  nearly  fills  the  cavity  of  the  calyx  that 
scarcely  any  space  exists  between  their  apposed  peritoneal  surfaces,  yet 
the  existence  of  a  true  peritoneal  cavity  becomes  obvious  at  the  bases  of 
the  arms ;  for  it  is  there  prolonged,  in  each  arm,  into  an  extension  (cc, 
fig.  7)  which  forms  a  canal  that  underlies  the  subtentacular  canal  {stc) 
proceeding  into  it  from  the  oral  disk ;  and,  like  that  canal,  it  not  only 
passes  along  the  whole  length  of  each  arm,  but  also  gives  gS.  lateral  exten- 
flions  {dd)  that  proceed  to  the  extremities  of  the  pinnules.    This  canal, 

•  These  canals  have  been  noticed  by  Grimm  (Bulletins  de  TAcad.  Imp^.  de  St. 
Pelersbi  1872,  pp.  3-8) ;  but  he  has  not  been  able  to  trace  their  internal  connexionB. 
By  Perrier  {loc,  cit.)  they  are  described  as  cteca. 
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as  being  a  direct  extension  of  the  body-cavity  or  oafotn,  I  term  the  caUao 
canal. 

Visceral  Mass. — The  "visceral  mass"  primarily  consists  of  an  alimen- 
tary canal  (not  distinctly  differentiated  into  OBsophagus,  stomach,  and 
intestine),  which  makes  about  one  fourth  more  than  a  single  round  turn 
upon  itself  (bed,  fig.  1).  From  the  central  mouth  this  canal  at  first  passes 
obliquely  downwards  (6,  figs.  2, 3),  then  changes  its  direction  to  the  hori- 
eontal,  and,  after  making  somewhat  more  than  a  complete  circuit,  turns 
upwards  again  (at  d,  fig.  1)  towards  the  oral  disk,  to  terminate  in  a  vent 
which  projects  upwards  from  its  surface  between  two  of  the  radial  fur- 
rows, the  terminal  portion  of  the  alimentary  canal  being  separated 
from  the  cavity  of  the  vent  by  a  valvular  projection  of  its  lining  mem- 
brane. 

The  membranous  wall  of  the  alimentary  canal  may  be  called  its  mucous 
lining.  It  is  somewhat  rugose  in  the  first  or  oblique  part  of  the  canal 
(6,  fig.  2);  whilst  in  the  horizontal  coil  it  is  nearly  smooth  on  the  peri- 
pheral side,  but  deeply  plicated  on  the  central  side  (fig.  1),  there 
forming,  with  its  epithelial  (?)  covering,  a  sort  of  glandular  mass  *,  the 
projection  of  which  into  the  canal  considerably  narrows  it,  as  shown  at 
e,  fig.  2.  The  whole  smooth  inner  surface  of  the  mucous  lining  (6,  c,  fig.  1) 
is  covered  with  a  layer  of  a  yellow  substance,  which  is  so  soft  in  the  living 
state  that  it  is  difficult  to  separate  it  for  microscopic  examination,  but 
which,  when  hardened  in  spirit,  readily  detaches  itself  from  the  sub- 
jacent membrane  in  large  fiakes,  which  are  so  opaque  as  not  to  be 
readily  examined  minutely.  The  appearances  presented  by  thin  sections 
of  this  layer,  however,  dispose  me  to  think  that  it  may  be  regarded  as 
a  columnar  epithelium  imperfectly  differentiated  into  cells ;  and  it  can 
scarcely  be  doubted  that  the  portion  of  it  forming  the  large  gland-like 
projection  just  alluded  to  has  an  hepatic  function.  The  projecting  edges 
of  its  plicated  surface  are  fringed  with  long  cilia,  whose  function  is 
obviously  to  produce  an  indraught  into  the  mouth,  and  to  propel  the 
ingested  matter  along  the  canal. 

The  exterior  of  the  mucous  wall  of  the  alimentary  canal  is  not  in 
immediate  contact  with  its  peritoneal  covering ;  but  a  continuous  space 
is  left  between  them,  which  is  everywhere  traversed  by  lamellae  of  con- 
nective tissue  passing  between  the  apposed  surfaces.  This,  which  I 
shall  call  the  intramural  space,  is  much  more  distinct  in  some  varieties 
of  Antedon  rosaceus  than  it  is  in  others — the  Lough  Strangford  variety 
presenting  it  in  the  most  strongly  marked  degree,  while  in  the  Plymouth 
specimens  the  two  membranes  approximate  each  other  much  more 
closely,  the  Clyde  variety,  which  is  the  one  I  have  most  studied, 
holding  an  intermediate  position  in  this  particular. — The  like  differ- 

*  A  section  of  this  portion  yery  closelj  resembles  the  arhor  vita  of  the  cerebellum, 
the  grej  substance  being  represented  bj  the  yellow  epithelial  layer,  and  the  white  by 
the  plioations  of  the  mucous  membrane  and  the  einuses  which  they  enfold. 
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ence  presents  itself  in  the  amount  and  openness  of  the  *' interspace 
system  "  to  be  presently  noticed. 

The  double  wall  of  the  alimentary  canal  is  strengthened  by  the  inter- 
position of  discoidal  calcareous  plates ;  and  it  is  the  complex  plication 
o£  the  wall  on  the  central  side  of  the  canal,  and  the  consequent  piling-up 
of  numerous  layers  of  these  disks,  which  forms  the  vertical  columella, 
erroneously  likened  by  some  writers  to  the  sand-canal  of  Starfish. 
Besides  these  disks,  there  are  occasionally  to  be  found  minute  calcareous 
spines  projecting  from  the  inner  surface  into  the  cavity  of  the  alimentary 
canal,  as  if  they  were  pegs  whereon  to  hang  the  epithelial  layer. 

The  interior  of  this  columella  is  traversed  by  a  canal  (g,  figs.  1, 2),  which 
constitutes  a  most  curious  feature  in  the  structure  of  the  visceral  mass. 
When  the  visceral  mass  has  been  turned  out  of  the  calyx,  its  lower  sur- 
face shows  a  minute  pore  nearly  in  its  centre ;  which  pore,  partly  occupied 
(and  often  concealed)  by  the  pedicle  already  spoken  of  (h,  figs.  2,  3),  is 
the  orifice  of  communication  between  the  deeper  portion  of  the  perivisceral 
cavity  and  the  '*  axial  canal,"  which  is  simply  a  "  survival "  of  what  was 
originally  the  part  of  that  cavity  segregated  from  the  rest  by  the  winding 
of  the  horizontal  extension  of  the  alunentary  canal  round  its  stomach. 
The  axial  canal  at  first  passes  upwards  almost  along  the  central  axis 
(figs.  2,  3)  of  the  lenticular  visceral  mass ;  but  as  soon  as  it  meets  the 
obliquely  descending  commencement  of  the  alimentary  canal,  it  too 
becomes  somewhat  oblique,  lying  in  close  contiguity  to  the  exterior  of 
the  digestive  cavity.     Before,  however,  it  reaches  the  oral  surface  of  the 
visceral  mass,  it  subdivides  irregularly  into  five  branches,  which  embrace 
the  GBsophageal  part  of  the  alimentary  canal,  and  there  become  continuous, 
as  I  have  already  mentioned,  with  the  five  radial  canals  that  lie  beneath  the 
tentacular  canals  of  the  oral  disk,  one  of  which  is  seen  in  transverse 
section  at  Z,  fig.  1,  and  others  at  t,  h.     Thus,  through  the  subdivision  of 
the  five  radial  canals  of  the  disk  into  the  ten  brachial  canals,  each  of 
which  gives  ofE  lateral  branches  that  proceed  to  the  extremities  of  the 
pinnules,  there  is  a  continuous  canal-communication  from  the  axial  canal, 
and  hence  from  the  deeper  part  of  the  perivisceral  cavity  through  the 
entire  apparatus  of  arms  and  pinnules.     But  the  axial  canal  is  also  in 
relation  with  the  wall  of  the  alimentary  canal ;  for  between  the  plications 
of  the  inner  or  central  side  of  the  latter  there  is  a  very  extensive  system 
of  irregular  passages  or  interspaces  (h,  fig.  3),  which  open  into  the  axial 
canal ;  and  it  can  scarcely  be  doubted  that  these  serve,  like  the  mesenteric 
vessels  of  higher  animals,  to  receive  the  nutritive  fiuid  which  has  trans- 
uded through  the  wall  of  the  alimentary  canal,  first  through  the  mucous 
lining  into  the  intramural  space,  and  thence  through  its  peritoneal  cover- 
ing into  the  perivisceral  cavity  and  its  derivations. 

Cavity  of  the  Centro^rsal  Basin. — ^In  my  previous  Memoir  I  fully 
described  the  "  centro-dorsal "  basin-shaped  plate  whereon  rests  the 
drelet  of  first  Badials,  whilst  from  its  free  or  dorsal  surface  extend  the 
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clusters  of  prehensile  cirrhi  that  functionally  replace  the  Crinoidal  stem, 
though  homologically  they  correspond  to  the  nodal  verticils  of  cirrhi  borne 
by  the  stem  of  FentacrintiSy  which  themselves  take  on  the  prehensile 
function  when,  as  not  unfrequently  happens,  this  stem  breaks  ofE  just 
beneath  the  nodal  segment.  And  I  further  showed  that  in  the  early 
Pentacrinoid  stage  of  Antedon  the  centra-dorsal  segment  is  not  distin- 
guished from  the  ordinary  segments  of  the  stem,  and  that  its  enlargement 
commences  with  the  development  of  the  cirrhi,  of  which  there  is  at  first 
only  a  single  whorl,  but  of  which  two  complete  verticils  at  least  are  present 
when  the  young  Antedon  drops  oS.  the  stem.  Again,  I  showed  that  in 
the  early  Pentacrinoid  stage  the  Basals,  not  the  first  radials,  rest  upon 
the  centro-dorsal  segment ;  and  I  pointed  out  how,  with  the  metamor- 
phosis of  the  circlet  of  basals  into  the  "  rosette,"  and  the  progressive 
enlargement  of  the  centro-dorsal  plate,  the  first  radials  come  to  form 
the  central  basis  of  the  calyx,  resting  on  the  infolded  lip  of  the  centro- 
dorsal.  I  refer  to  this  now,  because  it  helps  greatly  in  the  comprehension 
of  the  real  import  of  the  curious  organ  contained  within  the  centro-dorsal 
basin  of  the  adult  Antedon ;  for  there  is  no  such  basin  in  the  Pedunculate 
Crinoids,  whose  calyx  rests  upon  the  uppermost  segment  of  the  stem, 
which  segment,  instead  of  being  the  largest,  is  the  smallest,  being  the 
latest  formed,  while  the  basis  of  the  calyx  is  formed  by  the  thickened 
and  solidified  Basals.  Hence  it  seems  clear  that  the  extraordinary  deve- 
lopment of  the  highest  segment  of  the  stem  into  the  centro-dorsal  basin, 
which  is  characteristic  of  the  mature  Antedon,  is  connected  with  the 
multiplication  of  the  prehensile  cirrhi  which  extend  themselves  from  its 
dorsal  surface.  The  number  of  these  cirrhi,  as  I  formerly  showed,  is 
very  variable ;  and  I  gave  reasons  for  the  belief  that  there  is  a  successional 
production  and  exuviation  of  these  appendages,  at  any  rate  during  the 
period  of  growth. 

"When,  by  the  action  of  dilute  acid,  the  calcareous  network  of  the 
centro-dorsal  plate  has  been  dissolved,  so  as  to  give  access,  by  dissecting 
away  its  soft  animal  basis,  to  the  contents  of  the  cavit}^  we  find  it  to  be 
almost  entirely  occupied  (as  seen  at  g,  fig.  3)  by  a  curious  hollow, 
slightly  pentangular  organ  (figs.  4,  6),  which  was  described  by  Miiller  as 
a  single-chambered  heart.  From  the  angles  of  the  lower  or  dorsal  part 
of  this  organ  there  proceed  numerous  slender  cords  (Z,  fig.  2),  which 
pass  through  the  calcareous  wall  of  the  centro-dorsal  basin  into  the 
cirrhi ;  whilst  from  the  upper  part  of  its  peripheral  wall  are  given  oflE 
five  large  radiating  cords  (fig.  3, 1,  w),  which  pass  upwards  and  outwards 
through  the  canals  formed  by  the  inflexions  of  the  ''  rosette,"  each  then 
divaricating  into  two  branches,  which  enter  the  two  adjacent  orifices  on 
the  intemsd  face  of  each  pair  of  first  radials,  as  described  in  my  former 
Memoir.  All  these  cords  were  described  by  Miiller  as  vessels;  I  am 
satisfied,  however,  that  they  are  not  tubular,  but  solid. — On  making  a 
transverse  section  of  the  hollow  organ  it  is  found  to  contain  five  chambers 
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(fig.  4),  clustered  like  the  carpels  of  an  orange  round  a  central  axis ;  and 
near  this  axis  each  chamber  seems  to  communicate  on  its  ventral  aspect 
with  the  surrounding  space  (an  extension  of  the  perivisceral  cavity)  by 
a  minute  orifice  (d)  in  its  wall.  Within  the  dorsal  portion  of  this  organ, 
lying  at  the  bottom  of  the  centro-dorsal  basin,  there  is  a  succession  of 
verticils  of  five  triangular  leaflets  (Rg.  5,  a),  increasing  in  size  from 
below  upwards,  from  the  extremities  of  some  of  the  upper  of  which 
leaflets  issue  groups  of  three  diverging  cords  that  proceed  to  the  cirrhi. 
I  can  scarcely  doubt  that  these  verticils  mark  the  origins  of  the  earlier 
cirrhal  cords  from  the  Grinoidal  axis ;  and  this  obviously  suggests  that 
the  five-chambered  organ  is  itself  only  another  and  larger  verticil,  which 
has  come,  by  the  formation  of  ventricular  cavities  in  its  substance  (ana- 
logous to  the  lateral  ventricles  of  the  brain),  to  occupy  the  whole  cavity 
of  the  enlarged  centro-dorsal  basin. 

This  view,  which  deprives  the  chambers  of  the  five-chambered  organ  of 
any  special  physiologioU  significance,  is  confirmed  by  what  I  have  ascer- 
tained of  the  structure  of  the  Grinoidal  axis  which  occupies  the  interior  of 
the  stem  of  the  true  Pentacrinus,  This  has  a  central  portion  quite 
distinct  from  the  peripheral  portion,  which  forms  a  cylindrical  sheath 
around  it.  It  is  from  the  cylindrical  sheath  that  at  every  node  of  the 
stem  there  pass  off  five  cords  into  the  whorls  of  cirrhi  or  "  auxiliary  side 
arms ;"  and  at  every  node  there  is  a  slight  dilatation  of  the  cylinder, 
which  is  caused,  not  by  a  thickening  of  the  substance  of  the  axis,  but  by 
a  separation  between  its  central  and  its  peripheral  portions — ^foreshadow- 
ing the  great  ventricular  dilatation  just  described  at  the  summit  of  the 
axis  of  Antedon.  In  Pentacrinus^  which  has  no  cirrhi  attached  either  to 
the  uppermost  part  of  the  stem  or  to  the  base  of  the  calyx,  there  is  neither 
enlarged  centro-dorsal  cavity  nor  special  dilatation  of  the  Grinoidal  axis. 

The  divaricated  cords  which  enter  the  First  Badials  form  a  sort  of 
"  Circle  of  Willis  "  within  the  system  of  canals  completed  by  their  lateral 
adhesion,  as  described  in  my  former  Memoir  (§§  34,  77) ;  and  from  this 
circle  there  issue  five  radial  cords,  which  speedily  divaricate  into  ten* 
brachial  cords  that  pass  continuously  through  the  centra  of  the  segments 
of  the  arms. 

This  apparatus  (consisting  of  the  outer  cylinder  of  the  Grinoidal  stem, 
of  the  five-chambered  central  organ  formed  by  the  dilatation  of  that  axis 
within  the  centro-dorsal  basin,  and  of  the  cords  proceeding  from  it  to  the 
arms  and  cirrhi)  I  regard  as  the  central  portion  of  a  nervous  system ;  and 
I  shall  hereafter  draw  what  seem  to  me  conclusive  proofs  that  such  is 
its  character,  both  from  the  distribution  of  branches  of  the  brachial  cords 
to  the  muscles  of  the  arms,  and  from  the  effect  of  irritation  of  the  central 
organ  in  the  living  animal,  even  after  its  complete  evisceration,  in  causing 
the  sudden  and  general  contraction  of  those  muscles  (p.  226), 

Axial  Prolongation. — ^I  now  follow  the  course  of  the  central  or 
medulUry  portion  of  the  Grinoidal  axis,  which  passes  continuously  up- 
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wards  through  the  middle  of  the  quinquelocular  dilatation  of  its  cortical 
cylinder  (as  shown  at  g,  A,  fig.  3),  just  as  in  a  flower  the  axis  which 
forms  the  style  of  a  multilocular  ovary  passes  upwards  through  the 
midst  of  the  carpels  which  are  clustered  around  it.  In  the  upward 
course  of  this  '*  axial  prolongation/'  as  it  may  be  provisionally  termed, 
it  first  passes  through  the  central  aperture  of  the  "  rosette,"  and  then 
through  the  vertical  canal  which  is  left  by  the  truncation  of  the  wedge- 
like First  Eadials,  thus  reaching  the  base  of  the  cavity  of  the  calyx,  and 
constituting  the  "  pedicle,"  of  which  I  have  already  spoken,  as  the  chief 
attachment  existing  between  the  basal  (or  dorsal)  surface  of  the  lenticular 
visceral  mass  and  the  concavity  of  the  calyx.  This  '*  pedicle  "  {h,  fig.  2) 
enters  the  "axial  canal"  {g)  previously  described  as  passing  upwards 
towards  the  oral  pole,  and  may  be  traced  along  its  whole  length  (gene- 
rally more  or  less  imbedded  in  its  wall)  to  the  point  at  which  that  canal 
subdivides  into  the  five  subtentacular  canals  which  underlie  the  radial 
furrows  of  the  disk.  Here  the  axial  cord  appears  to  spread  out  into  a 
plexus  which  surrounds  the  mouth ;  and  this  plexus  is  continued  towards 
the  periphery  of  the  disk  underneath  the  radial  and  brachial  canals,  every 
one  of  which  usually  has  a  cord  running  along  each  of  its  margins,  con- 
nected by  transverse  branches  with  the  cord  of  the  opposite  side.  At 
or  near  the  margin  of  the  disk  the  two  cords  of  each  brachial  caual  seem 
to  coalesce  into  a  single  one ;  and  this  runs  onwards  between  the  subten- 
tacular and  the  coeliac  canal  of  the  arm  (as  shown  at  ^r,  fig.  6), 
giving  off  branches  which  pass  into  the  sexual  pinnules;  and  these 
branches  are  continuous  with  the  testes  or  ovaries  which  these  pinnules 
contain. 

Hence  it  would  appear*  that  this  "axial  cord"  is  (in  part,  at  least) 
a  generative  rachis,  furnishing  the  germs  which  are  to  be  developed  into 
the  proper  sexual  products ;  and  this  view  I  find  to  be  confinned  by 
minute  examination  of  its  structure.  At  the  point  at  which  it  dilates 
into  the  cavity  of  the  ovary,  it  is  clearly  a  tube  containing  minute  cor- 
puscles of  about  l-3000th  of  an  inch  in  diameter;  and  from  these  corpuscles 
to  complete  ova  every  stage  can  be  traced.  Following  the  cord  back- 
wards towards  the  plexus  of  the  disk,  I  find  it  still  to  possess  the  same 
tubular  wall  and  granular  contents ;  in  the  plexus  itself  the  cavity  with 
its  granular  contents  bears  a  smaller  proportion  to  the  thickness  of  the 
tubrdar  wall ;  but  the  "  axial  prolongation,"  from  which  I  believe  this 
plexus  to  arise,  often  seems  at  the  period  of  generative  activity  to  be 
almost  made  up  of  such  corpuscles. 

I  confess  that  I  have  not  yet  been  able  to  trace  the  absolute  continuity 
of  the  generative  plexus  of  the  disk  with  the  axial  cord  of  the  adult 
Antedony  the  dissection  of  the  parts  around  the  mouth  being  made  veiy 
difficult  by  the  quantity  of  loose  connective  tissue  which  forms  the 
annular  lip.  The  termination  of  the  axial  prolongation  and  the  origin  of 
the  plexus  in  the  same  locality  obviously  point  to  such  continuity ;  but 
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I  shall  show  it  to  be  almost  unmistakably  established  by  the  history 
of  embryonic  development,  at  a  certain  stage  of  which  the  subdivision 
of  the  axial  prolongation  (oo?,  fig.  11)  into  diverging  branches,  of  which 
one  passes  to  each  ray,  is  very  distinctly  traceable. 

Arms. 

Each  Arm  is  composed  of  a  linear  series  of  calcareous  segments,  con- 
nected with  each  other  by  muscles  and  elastic  ligaments,  in  the.  manner 
described  in  my  former  Memoir,  the  muscles  being  alljlexor,  whilst  the 
ligaments  are  extentor.  Thus  when  the  muscles  (of  which  a  pair  inter- 
venes between  each  segment  and  its  proximal  and  distal  segments,  except 
^ere  two  segments  are  connected  by  a  syzygy)  are  called  into  contrac- 
tion the  arm  is  coiled  up  spirally  like  a  watch-spring,  whilst  when  the 
muscles  relax  it  is  straightened  out  again  by  the  elasticity  of  the  ligaments. 
— ^What  may  be  called  the  cenirum  of  every  one  of  the  calcareous  segments 
is  perforated  by  a  circular  foramen  (a  a,  fig.  6) ;  and  the  linear  succession 
of  these  foramina  forms  a  canal,  which  is  occupied  by  a  cord  of  proto- 
plasmic substance  (h)  given  olE  from  the  circlet  contained  within  the  first 
radials,  which  circlet  (as  abready  described)  is  formed  by  the  lateral 
inosculation  of  the  five  radial  cords  (?,  m,  fig.  3)  given  off  from  the 
five-chambered  organ  {g)  contained  within  the  centro-dorsal  basin.  I 
have  occasionally  found,  in  transverse  sections  of  decalcified  arms  (espe- 
cially in  AnUdon  celtieus),  pairs  of  branches  given  off  from  this  *'  axial 
cord  '^  at  the  junction  of  the  segments  to  ramify  upon  the  muscles ;  and 
it  was  this  anatomical  fact  which  suggested  to  me  that  the  '*  axial  cord  " 
has  really  the  function  of  a  nerve,  although  not  possessing  its  characteristic 
structure,  and  that  the  five-chambered  organ  must  consequently  be  a 
nervous  centre.  That  the  cord  which  was  supposed  by  Miiller  to  be  a 
nerve  has  an  altogether  different  function,  was  stated  in  my  previous 
Paper  (§  19),  on  the  basis  of  the  connexion  I  had  even  then  demonstrated 
between  tiiat  cord  and  the  generative  organs  developed  in  the  pinnules. 
And  the  nerve-function  which  I  then,  on  anatomical  groimds  alone, 
attributed  to  the  axial  cord  has  been  since  completely  borne  out  by  the 
experiment  to  be  presently  cited. 

Along  the  upper  or  oral  face  of  the  succession  of  calcareous  segments 
with  its  intervening  muscles  there  lies  a  single  large  canal  (cc,  fig.  6) 
occupying  the  whole  breadth  of  each  arm ;  this  is  the  coeliac  canal  already 
spoken  of  as  an  extension  of  the  lower  part  of  the  coelom  or  perivisceral 
cavity  («?,  fig.  12).  Enclosed  on  either  side  by  the  perisome,  it  is  shut 
in  at  the  top  by  a  transverse  partition  that  separates  it  from  the  double 
subtentacular  canal  (sic,  stc,  fig.  6)  which  overlies  it.  This  double  canal  is 
virtually  siogle;  for  the  vertical  partition  which  divides  it  has  large 
irregular  openings  (fig.  7),  which  allow  a  free  communication  between 
the  two  lateral  halves*.  Where  this  vertical  partition  joins  the  hori- 
*  Is  tome  species  oi  AnUdon  this  canal  is  actually  as  well  as  virtually  single. 
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zontal  partition  separating  the  coeliac  from  the  subtentacular  canals,  a 
longitudinal  passage  is  left  (which  may  be  called  the  genital  canal),  in 
which  lies  what  I  have  shown  to  be  the  generative  rachis  (fig.  6,  gr)y  as 
Prof.  Semper  independently  discovered.  Where,  again,  this  vertical 
partition  joins  the  thickened  layer  of  perisome  which  forms  the  floor 
of  the  inteivtentacular  groove,  there  is  a  small  circular  canal  (overlooked 
by  Miiller  and  every  other  anatomist),  which  is  the  real  UntacuLar  canal 
(to,  figs.  6,  8,  9),  its  continuity  with  the  interior  of  the  tentacles  being 
very  distinctly  visible  both  in  transverse  and  in  longitudinal  sections. 
The  latter  show  a  single  oval  orifice  {oo,  fig.  9)  opening  out  of  the 
tentacular  canal  for  each  group  of  three  tentacles. 

The  perisome  covering  the  oral  surface  of  each  arm  exhibits  a  con- 
tinuation of  the  brachial  furrow  formed  by  the  divarication  of  the  radial 
furrow  of  the  oral  disk,  each  side  of  this  furrow  being  bounded,  as  in 
the  disk,  by  successive  groups  of  tentacles,  and  by  an  elevated  fold  of 
the  perisome,  scolloped  at  its  edge  so  as  to  form  a  row  of  minute  valvules, 
like  those  of  the  oral  disk,  beyond  which,  when  the  tentacles  are  extended, 
they  project  considerably,  but  within  which  they  may  be  withdrawn,  so 
that  the  two  folds  may  close  down,  the  valvules  meeting  in  a  sinuous  line 
so  as  completely  to  cover  the  furrow. — ^The  floor  of  the  furrow  is  formed 
by  the  peculiar  layer  which,  as  already  stated,  I  regard  as  a  columnar 
epithelium ;  its  free  surface  I  believe  to  be  clothed  with  minute  cilia,  the 
direction  of  whose  movement  is  from  the  periphery  towards  the  centre ; 
there  are,  however,  no  cilia  on  the  tentacles.  These  points,  correctly 
stated  by  M.  Edmund  Perrier,  I  had  worked  out  soon  after  the  publica- 
tion of  my  previous  Paper. 

Pinnules, — ^Every  segment  of  the  arms  bears  a  pinnule ;  and  the  pin- 
nules are  disposed  alternately  along  the  two  sides  of  each  arm.  Their 
calcareous  segments  are  united  by  ligaments  alone ;  but  each  centrum  (a, 
figs.  8,  9)  is  perforated  as  in  the  arm,  and  contains  a  branch  (b)  of  its 
axial  cord.  On  the  oral  face  of  the  succession  of  calcareous  segments 
there  lies  an  extension  (ce,  figs.  8,  9)  of  the  cceliac  canal  of  the  arm ;  and 
immediately  above  this,  in  the  barren  pinnules,  lies  a  single  suhtentaeular 
canal  coming  off  from  the  lateral  division  of  the  double  canal  of  the  arm 
which  belongs  to  the  side  that  bears  the  pinnule.  In  the  thickness  of  the 
horizontal  partition  between  these  two  canals  there  is  a  passage  left  by  a 
separation  of  their  walls,  in  which  lies  a  lateral  branch  of  the  generative 
rachis.  The  true  tentacular  canal  (tc,  figs.  8, 9)  lies,  as  in  the  arms,  along 
the  oral  face  of  the  subtentacular  canal.  The  first  pinnules  of  each  arm, 
however,  are  differentiated  from  the  rest  by  the  absence  of  tentacles,  and 
likewise  by  the  greater  number  and  closer  setting  of  the  peculiar  sacculi 
(ssj  figs.  6,  8)  contained  in  the  perisomal  folds  which  bound  the  radial 
furrow. 

When  the  tumefaction  of  a  pinnule  shows  either  the  testis  or  the  ovary 
to  be  developed  in  it,  this  organ  is  found  to  lie  between  the  cceliac  and 
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the  subtentacular  canal,  completely  separating  the  one  from  the  other 
(figs.  6,  8);  and  it  was  this  correspondence  of  position  which  first 
soggested  to  me  the  real  nature  of  Miiller's  "  nerve."  On  tracing  the 
testis  or  ovary  to  the  base  of  the  pinnule,  I  clearly  made  it  out  to  have 
the  same  relation  to  the  lateral  branch  of  the  generative  rachis  of  the 
arm  (A,  fig.  9)  as  the  currants  forming  a  bunch  have  to  the  stalk  that 
bears  them ;  and  if  I  am  correct  in  deriving  the  generative  rachis  horn 
the  **  axial  prolongations,"  it  may  be  considered  originally  to  spring  from 
the  Crinoid  Axis  itself. 

Towards  the  extremities  of  the  pinnules,  especially  in  those  that  con- 
tain  no  generative  organs,  the  horizontal  partition  between  the  cceliac 
and  mbUmiacular  canals  thins  away,  and  at  last  becomes  obsolete ;  so  that 
at  the  periphery  of  this  canal-system  there  seems  to  be  as  free  a  com- 
munication between  the  two  sets  of  canals  as  there  is  between  the  arteries 
and  veins  of  the  higher  animals  through  the  capillary  plexus.  And,  for 
reasons  to  be  presently  given,  I  feel  strongly  inclined  to  believe  that  a  regu- 
lar circulation  is  carried  on  through  them,  the  nutritive  fluid  being  trans- 
mitted through  one  set  of  canals  from  centre  to  periphery,  then  passing 
into  the  other,  and  being  conveyed  by  it  back  from  periphery  to  centre. 

Physiology. 
Ingestion  of  Food, — That  the  food  of  Antedon  consists,  not  of  the  large 
bodies  grasped  and  swallowed  by  ordinary  Starfish,  but  of  minute  and 
even  microscopic  organisms,  and  that  the  so-called  "tentacles"  are 
entirely  destitute  of  prehensile  power,  was  long  since  affirmed  by 
Dujardin  on  the  basis  of  observation  of  the  habits  of  the  living  animal 
and  of  microscopic  examination  of  the  matters  ejected  from  the  vent. 
These  statements  are  entirely  borne  out  by  my  own  careful  observation 
of  the  actions  of  the  brachial  and  tentacular  apparatus,  alike  in  the  Fenta- 
crinoid  and  in  the  adult  condition,  and  by  the  microscopic  examination  I 
have  repeatedly  made  of  the  contents  of  the  alimentary  canal.  These 
consist  of  minute  Entomostraca,  Diatoms,  spores  of  Algas,  &c.,  but  espe- 
cially, in  my  Lamlash  specimens,  of  Peridinium  tripos  (Ehr.),  which  was 
Qsuidly  very  abundant  in  that  locality.  A  powerful  indraught  current 
towards  the  mouth  is  maintained  by  the  action  of  the  large  cilia  that 
fringe  the  villous  folds  of  the  alimentary  canal ;  but  this  does  not  extend 
to  any  considerable  distance ;  and  it  is  clear  that  minute  particles  are 
transmitted  from  the  peripheral  extremities  of  the  arms  and  pinnules, 
along  the  brachial  furrows  and  the  radial  furrows  of  the  disk,  to  the 
neighbourhood  of  the  mouth,  where  they  come  within  the  reach  of  the 
oral  indraught.  This  I  have  repeatedly  seen  when  I  have  had  young 
Pentacrinoids  alive  under  the  microscope;  and  although  I  have  been 
prevented,  by  the  peculiarity  of  their  position,  from  detecting  the  cilia 
to  which  the  transmission  is  attributable,  I  can  scarcely  doubt  that  they 
belong  to  the  epithelial  floor  of  the  furrows.    And  when  I  have  detached 
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small  pieces  of  the  soft  parts  from  the  arms  of  the  living  adult,  I  have 
found  currents  to  be  produced  in  the  water  surroimding  them,  which 
could  only  be  accounted  for  by  ciliary  action.  Thus  the  brachial  appa- 
ratus may  be  regarded,  in  the  first  place,  as  an  extended  food-trap. 

It  may  be  here  added  that  my  examination  of  various  types  of  existing 
Pentacrini  enables  me  to  affirm  that  they  are  nourished  in  exactly  the 
same  manner,  their  brachial  and  digestive  apparatus  being  constructed 
upon  precisely  the  same  plan  as  that  of  Antedon,  and  the  contents  of  the 
alimentary  canal  being  of  the  like  nature.  And  this  renders  it  probable 
that  not  only  the  Pentacrini  of  the  Mesozoic  period,  but  the  entire  series 
of  CAnoids  extending  through  the  whole  range  of  geological  time,  from 
the  ''primordial  zone"  of  Barrande  to  the  present  epoch,  obtained  their 
food  after  the  like  fashion. 

In  the  thickened  disk  which  surrounds  the  mouth,  formed  at  the 
junction  of  the  perisome  of  the  oral  disk  with  the  wall  of  the  alimentary 
canal,  I  have  detected  a  series  of  cadcal  tubuli  opening  into  the  com- 
mencement or  GBsophageal  portion  of  the  alimentary  canal;  these  may 
have  a  salivary  function.  And  the  peculiar  gland-like  character  of  the 
plicated  portion  of  the  wall  of  the  inner  side  of  the  horizontal  coil  of  the 
alimentary  canal  seems  to  render  it  probable  that  it  performs  the  function 
of  a  liver. 

Circulating  and  lUspiratory  Apparatiu. — ^It  has  been  shown  that  the 
true  ''tentacular"  canals  constitute  a  system  entirely  distinct  in  the 
adult  from  the  general  canal-system  of  the  arms,  although  derived  like 
it,  in  the  first  instance,  from  the  perivisceral  cavity,  and  that  there  is 
no  proper  oral  ring  which  can  be  regarded  as  the  centre  of  the  radi- 
ating tentacular  canal.  As  it  has  also  been  shown  that  the  so-called 
"  tentacles  "  have  no  share  whatever  in  the  ingestion  of  food,  the  question 
arises,  what  is  their  function  in  the  economy  of  the  animal?  I  am  dis- 
posed to  think  that  they  are  homologous  with  the  tentacular  fringe 
surrounding  the  mouth  of  the  Hohthurida^  and  with  the  "  respiratory 
tubes  "  of  the  Asterida  and  Echinida^  and  that  they  constitute  a  special 
respiratory  apparatus,  serving  for  the  aeration  of  a  fluid  that  may  be 
re^rded,  like  the  red  blood  of  a  TerebeUa^  as  not  so  much  nutritive  as 
respiratory*.  It  is  no  objection  to  this  view  that  the  tentacles  of 
Antedon  are  not  ciliated  on  their  surface ;  for  this  is  true  also  of  the 
branchial  tufts  of  Terehella  and  other  Anndids  having  a  double  respi- 
ratory apparatus,  one  for  the  red  blood,  and  the  other  for  the  "  chyl- 
aqueous"  fluid.  Certain  it  is  that  Aniedon  is  more  dependent  than 
Echinoderms  generally  upon  the  perfect  aeration  of  its  fluid,  as  it  soon 
dies  in  water  that  is  not  kept  in  a  state  of  tolerable  puriiy,  though 
Ophiura  and  OphioeomcR  may  thrive  in  it. 

*  It  IB  stated  by  M.  Edmund  Perrier  that  diBtinot  muscular  fibret  are  traceable  in 
the  walls  of  the  tentades ;  and  these  may  produce  a  sort  of  vermicular  oontraetion  by 
which  the  fluid  of  this  canal-system  is  kept  in  moyement. 
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It  has  farther  been  shown  that,  besides  the  tentacular  canal-system, 
each  arm  and  pinnule  contains  two  canals,  one  superposed  on  the  other, 
communicating  at  the  termination  of  the  pinnules,  and  that  while  the 
lower  or  ccdiac  canals  open  directly  into  the  deeper  portion  of  the  coelom 
or  periTisceral  cavity,  the  upper  or  auhtentacidar^  passing  inwards  as  the 
radial  canals  of  the  oral  disk,  become  continuous  with  the  upper  part  of 
the  "  axial  canal,"  which  opens  at  its  lower  end  into  the  deepest  part  of 
the  coelom.  Thus  a  complete  continuity,  alike  central  and  peripheral,  is 
established  throughout  the  whole  of  this  space ;  and  the  central  canal 
also  receives  what  may  be  termed  the  "  mesenteric  sinuses  "  proceeding 
from  the  plications  of  the  internal  wall  of  the  alimentary  cavity.  Thus 
it  seems  probable  that  the  products  of  digestion,  except  such  as  may 
transude  directly  through  the  double  wall  of  the  alimentary  canal  into 
the  coelom,  are  collected  into  these  mesenteric  sinuses,  and  by  them  con- 
veyed into  the  axial  canal,  and  that  from  this  centre  the  nutritive  fluid 
is  circulated  throughout  the  double  system  of  canals,  passing  from  one 
to  the  other,  centrally  through  the  axial  canal,  and  peripherally  at  the 
extremities  of  the  pinnules.  I  have  distinctly  seen  a  movement  of 
granular  fluid  in  one  of  the  canals  of  the  arm  of  a  Fentacrinoid,  proceed- 
ing from  the  extremity  towards  the  centre ;  and  although  I  was  unable 
to  distinguish  with  certainty  in  which  of  the  canals  it  took  place,  my 
impression  is  that  it  was  the  ccBliac.  If  this  be  so,  the  suhtmtacular 
canals  constitute  the  arterial  or  distributive,  and  the  ealiac  canals  the 
venous  or  collective,  system.  Now  as  the  axial  canal  is  bounded  by  a 
columella  strengthened  by  the  piling-up  of  calcareous  plates,  its  walls 
can  scarcely  be  supposed  to  have  any  contractile  power ;  whilst,  on  the 
other  hand,  as  the  surface  of  the  peritoneum  lining  the  coelom  is  ciliated 
in  other  Echinoderms,  it  may  be  presumed  to  be  so  in  Antedon  i  and  thus 
we  may  fairly  surmise  that  the  circulation  is  kept  up  by  ciliary  movement. 
— If  sea-water  be  admitted,  as  I  believe  it  to  be,  through  the  ciliated 
funnels  of  the  oral  perisome,  into  the  cavity  of  the  coelom,  the  circu* 
lating  fluid  will  correspond  in  its  mixed  character  to  the  "  chylaqueous" 
fluid  of  many  aquatic  Invertebrata. 

One  important  office  of  this  circulation  will  obviously  be  to  supply 
nutritive  material  for  the  periodical  development  of  the  sexual  apparatus ; 
and  no  arrangement  could  be  conceived  more  conducive  to  such  a  pur- 
pose. For  in  the  pinnules,  whose  turgidity  indicates  the  enlargement  of 
the  generative  rachis  into  testes  or  ovaries  (as  the  case  may  be),  these 
organs  (as  shown  in  figs.  8,  9)  lie  between  the  two  thin-walled  canals, 
so  that  they  can  readily  draw  nutrient  fluid  alike  from  the  going  and  from 
the  returning  current.  It  can  scarcely  be  doubted  that  the  "  chylaqueous'* 
fluid  is  aerated  during  its  transmission  through  the  canals  of  the  arms  and 
pinnules,  particularly  as  the  clothing  of  very  minute  cilia  which  I  have 
detected  on  the  dorsal  side  of  the  arms  will  serve  to  renew  the  stratum 
of  water  in  contact  with  them. 
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Thiis  we  are  also  to  regard  the  arms  and  pinnules  in  the  light  of  a 
respirator!/  apparatus,  an  interchange  of  gases  between  the  contents  of 
the  canals  and  the  surrounding  medium  being  promoted  by  the  subdi- 
vision of  the  canals  and  the  consequent  extension  of  their  surface. 

Nervty-muscular  Apparatus, — In  the  First  Part  of  my  Memoir  I  de- 
scribed the  manner  in  which  the  contraction  of  the  pairs  of  muscles 
intervening  between  the  vertical  lamellaB  rising  from  the  oral  faces  of 
the  successive  calcareous  segments  of  each  arm  coils  it  up  into  a  spiral, 
the  uncoiling  being  produced,  when  the  muscles  relax,  by  the  elasticity 
of  the  ligaments  interposed  between  the  segments  near  their  dorsal 
margins.  The  coiling  and  uncoiling  often  take  place  through  the  whole 
length  of  the  arm,  with  a  quickness  and  consentaneousness  which  has  no 
parallel  in  the  comparatively  sluggish  and  limited  movements  of  other 
Echinoderms ;  and  while  a  single  arm  may  be  made  to  coil  up  by  irri- 
tating one  of  its  pinnules,  the  whole  circlet  of  arms  closes  together  when 
an  irritation  is  applied  to  the  pinnules  which  arch  over  the  mouth,  an 
act  which  affords  a  strong  indication  of  the  "  intemuncial"  action  of  a 
definite  nervous  system.  The  anatomical  considerations  already  specified 
having  led  me  to  the  conclusion  that  the  radial  cords  which  pass  through 
the  calcareous  segments  of  the  arms  are  really  nerve-trunks,  and  that 
the  five-chambered  organ  in  the  centro-dorsal  basin  is  their  centre,  I  put 
their  character  to  the  following  experimental  test,  when  visiting  Oban  in 
the  autumn  of  1867 : — Having  completely  eviscerated  a  living  specimen, 
so  that  nothing  was  left  but  the  calyx  and  arms,  with  the  centro-dorsal 
basin  and  its  contents,  I  passed  a  needle  down  through  the  canal  left  at 
the  base  of  the  calyx  between  the  central  faces  of  the  first  radials,  so  as 
to  irritate  the  quinquelQculat' organ  beneath;  all  the  ten  arms  then  sud- 
denly and  consentaneously  closed  up.  On  the  withdrawal  of  the  needle, 
the  arms  gradually  straightened  themselves  again,  and  again  coiled  up  as 
before  when  the  irritation  of  the  central  organ  was  renewed.  I  am  at  a 
loss  to  see  in  what  respect  the  evidence  thus  afforded  that  this  organ  is 
functionally  a  nerve-centre,  and  that  the  radial  cords  are  nerve-trunks, 
is  less  cogent  than  that  which  we  draw  from  the  contraction  of  the  limbs 
of  a  Vertebrate  animal  when  we  irritate  the  segment  of  the  spinal  cord 
which  gives  off  their  nerves.  The  chief  difficulty  in  assigning  to  them 
such  a  function  arises  from  their  want  of  the  histological  characters  of 
nerves.  The  radial  cords,  hardened  in  strong  spirit,  may  be  torn  into 
fibrils  of  extreme  minuteness ;  but,  so  far  as  I  have  yet  been  able  to 
ascertain,  these  fibrils  have  a  homogeneous  protoplasmic  composition. 
This  absence  of  differentiation  may,  as  it  seems  to  me,  be  related  to  the 
fact  that  as  the  muscles  are  all  flexors,  the  nerves  have  only  one  function 
to  perform,  and  that  there  is  consequently  no  need  of  the  insulation 
which  they  require  where  nerve-fibres  of  very  different  functions  are 
bound  up  in  the  same  sheath. 

The  curious  little  saccular  organs  (ss,  figs.  6,  8)  which  lie  at  intervals 
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along  the  outside  of  the  ridges  that  border  the  tentacular  furrow  in  the 
arms  and  pinnules,  and  which,  by  their  peculiar  property  of  attracting  the 
colouring-matter  given  off  after  death  by  other  parts  of  the  body,  bea)me 
the  well-known  "red  spots,"  have  long  been  a  puzzle  to  students  of 
Antedon.  I  have  long  been  myself  inclined  to  regard  them  as  Sensory 
organs,  my  surmise  being  founded  on  the  fact  that  in  the  oral  pinnules, 
which  have  no  tentacular  apparatus,  but  which  are  much  more  irritable 
(i.  f,  more  susceptible  of  impressions  which  call  forth  contraction  of  the 
arms)  than  the  tentaculiferous  pinnules,  these  sacculi  are  crowded 
together  so  as  to  form  two  continuous  rows*. 

Dbtelopment. 

In  the  earliest  stage  at  which  I  have  been  hitherto  able  to  study  the 
Pentacrinoid  larva  (which  may  be  designated  as  "  Allman's  stage  t"),  the 
calyx  rather  resembles  an  inverted  bell  than  a  shallow  basin,  its  lower 
part  being  supported  by  the  five  basals,  whilst  its  upper  is  surrounded  by 
the  five  incipient  first  radials  which  alternate  with  them.  Alternating 
in  position  with  the  five  first  radials,  and  at  this  stage  resting  immedi- 
ately upon  them,  are  five  oral  plates,  somewhat  triangular  in  form, 
enclosed  in  valvular  folds  of  the  delicate  perisome  which  forms  the 
general  investment  of  the  body.  These  oral  valves,  when  inclined  to- 
wards each  other,  form  a  sort  of  five-sided  pyramid,  which  completely 
covers  in  the  oral  disk ;  but  when  opened  out  they  surround  it  like  the 
expanded  petals  of  a  fiower.  Immediately  within  the  oral  valves  is  a 
thin  elevated  lip,  from  which  spring  the  oral  tentacles ;  and  the  wide 
mouth,  leading  into  a  funnel-shaped  oesophagus,  occupies  the  whole  of  the 
area  surrounded  by  this  lip.  A  vertical  section  of  the  calyx  in  this  stage 
shows  the  gastric  sac  loosely  suspended  in  the  perivisceral  cavity  or 
ccelotn  (jw,  fig.  10),  with  the  inner  wall  of  which,  however,  the  outer  wall  of 
the  gastric  sac  is  connected  by  scattered  threads  and  lamella  of  connective 
tissue.  And  it  is  very  distinctly  seen  that  the  circular  lip  is  formed  by 
an  annular  plication  of  the  bounding  membrane  of  the  perivisceral  cavity, 
a  space  being  left  between  the  two  folds,  which  constitutes  the  original 
tentacular  or  ring-canal,  re.  Hence  this  tentacular  canal  is  clearly 
a  derivative  of  the  ccelom,  the  only  separation  between  them  at  this  stage 
consisting  in  a  circlet  of  threads  of  connective  tissue,  which  passes  be- 
tween the  inner  and  outer  folds  of  the  lip.  The  increased  development 
of  this  connective  tissue  subsequently  constitutes  a  partition  that  cuts 
off  the  oral  ring  from  the  calom^  and  finally  breaks  up  the  canal  itself 
into  an  irregular  areolation. 

The  gaskic  sac  at  this  stage  is  elongated  horizontally  into  a  form 

♦  They  have  been  careftilly  studied  by  M.  Edmund  Perrier  (loc,  cit.),  who  has 
oorrected  (as  I  had  long  since  priTately  done)  the  mistake  into  which  Prof.  Wyrille 
ThomEon  fell  in  rega^ng  the  corpuscles  they  contain  as  calcareous,  but  has  not 
thrown  any  further  light  on  their  function. 

t  See  his  Memoir  in  the  Edinb.  Trans.  Boy.  Soc.  vol.  xxiii.  (1861),  p.  241. 
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somewhat  resembling  that  of  the  human  stomach,  having  a  '*  large  end" 
into  which  the  funnel-shaped  oesophagus  opens  obliquely,  and  a  "  small 
end''  with  a  csBcal  termination  (an,  fig.  10),  which  is  the  original  intestine. 
To  the  middle  of  this  gastric  sac,  in  sections  which  exhibit  it  in  situ,  the 
"  axial  prolongation  "  may  be  distinctly  seen  passing  up  from  the  base  of 
the  calyx.  The  wall  of  the  gastric  sac  is  eyerywhere  thick,  and  is  chiefly 
composed  of  a  yellow  substance  which  appears  to  consist  of  a  layer  of 
columnar  epithelial  cells,  the  free  surface  of  which  layer  is  clothed  with 
dlia. 

The  further  development  of  the  alimentary  canal  consists,  in  the  first 
place,  in  the  prolongation  of  the  intestinal  extension  of  the  gastric  sac — 
this  prolongation  at  first  taking  place  horizontally,  so  that  the  intestine 
coils  round  the  stomach  in  the  space  left  for  it  by  the  enlargement  of  the 
calyx.  Later  on,  as  the  second  and  third  radials  are  developed  and  the 
cavity  of  the  calyx  opens  out,  while  the  circlet  of  oral  valves  undergoes 
very  little  enlargement,  there  comes  to  be  a  space  between  the  outside  of 
that  circlet  and  the  inside  of  the  circlet  of  incipient  arms ;  at  one  point 
of  this  space  a  projection  of  the  perisome  shows  itself,  enclosing  a  single 
thin  oval  calcareous  plate ;  and  towards  this  projection  the  caBcal  termi- 
nation of  the  elongating  intestine  directs  itself  upwards.  At  last  it 
reaches  the  prominence  of  the  oral  disk,  and  opens  upon  its  surface, 
forming  the  projecting  vent. — ^The  manner  in  which  the  axial  canal  is 
formed  by  the  gradual  limitation  of  the  space  left  by  the  coiling  of  the 
intestine  round  the  stomach  (oZ,  fig.  11)  is  shown  very  clearly  in  this 
and  the  succeeding  stages ;  and  I  have  been  fortunate  enough  to  trace 
the  axial  prolongation  (ax)  upwards  through  this  space,  from  the  base  of 
the  calyx  to  its  subdivision,  by  the  side  of  the  oesophageal  funnel,  into 
five  ra^al  branches. 

The  extension  of  the  oral  ring  into  the  radial  and  brachial  tentacular 
canals  having  been  minutely  described  by  Prof.  Wyville  Thomson,  I  need 
not  go  over  the  same  ground;  but  I  have  now  to  speak  of  the  origin  of 
the  subtentacular  and  coeliac  canals. 

Prom  the  time  when  the  intestinal  coil  is  formed,  and  its  anal  termina- 
tion opens  on  the  surface  of  the  disk,  the  growth  of  the  alimentary  canal 
goes  on  at  a  greater  rate  than  the  enlargement  of  the  calyx ;  and  the 
consequence  is  that  the  marginal  portion  of  the  intestine  comes  into  such 
close  contact  with  the  lining  of  the  calyx,  as  to  divide  the  coelom  into  an 
upper  or  oral  and  a  lower  or  dorsal  portion*  (fig.  12) ;  and  this  division 
is  completed  by  the  membranous  fold,  mf.  From  each  portion  there 
passes  a  sort  of  digitate  extension  into  every  ray,  each  extension  having 
its  own  lining  membrane.    The  communication  of  the  lower  extension, 

*  This  has  been  diBtinctly  recognized  by  Metoohnikoff,  who  also  has  pointed,  out 
(what  had  long  since  occurred  to  myself)  that  the  relation  of  the  yisceral  and  ten- 
tacular apparatus  to  the  two  diyisions  of  the  periTisoeral  cavity  remarkablj  oorreeponds 

'  "^h  that  which  prevails  in  many  Polyroa.  ^  . 
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forming  tHe  coBliac  canal  (cc,  fig.  12)  of  the  rays  and  arms,  with  the  yen- 
tral  division  of  the  ccelom  always  remains  freely  open ;  but  that  of  the 
upper  or  oral  extension  forming  the  subtentacular  canals  (stc)  of  the 
rays  and  arms,  with  the  oral  division  of  the  coalom  itself,  is  gradually 
limited  by  the  enlargement  of  the  visceral  mass,  and  by  the  formation  of 
adhesions  between  its  upper  surface  and  the  under  surface  of  the  oral 
disk;  BO  that,  as  the  vertical  communication  between  the  upper  and 
lower  divisions  of  the  coBlom. becomes  gradually  narrowed  into  the  "  axial 
canal,"  so  the  oral  portion  of  the  coelom  may  be  said  to  become  gradually 
narrowed  into  the  subtentacular  canals  of  the  disk. 

The  principal  changes  of  note  which  occur  in  the  further  development 
of  the  visceral  mass  consist  in  the  progressive  infolding  of  the  wall  of 
the  alimentary  canal  on  the  central  side  of  the  tube,  so  as  to  form  the 
gland-like  projection  into  its  cavity ;  the  development  of  the  calcareous 
disks  in  the  inner  or  mucous  layer  of  that  wall,  the  piling-up  of  which  in 
its  infolded  portions  constitutes  the  "  columella ;"  the  separation  of  the 
outer  or  peritoneal  layer  from  the  mucous,  forming  a  space  which  is 
crossed  by  multitudinous  threads  and  lamellsB  of  connective  tissue ;  the 
narrowing  of  the  spaces  formed  by  the  infolding  of  the  walls  of  the  ali- 
mentary tube  into  the  mesenteric  canals  which  open  into  the  axial  canal ; 
and,  generally,  the  development,  in  various  parts,  of  a  large  quantity  of 
connective  tissue,  which  traverses  what  would  otherwise  be  vacuities, 
and  gives  compactness  to  the  whole  '*  visceral  mass." 

The  mode  of  development  of  the  peripheral  portion  of  the  summit  of 
the  original  Crinoidal  axis  into  the  quinquelocular  organ  contained  within 
the  centro-dorsal  plate  has  been  already  noticed ;  and  as  I  described  in 
my  former  Memoir  the  very  curious  manner  in  which  'its  radial  cords, 
which  at  first  lie  on  the  upper  or  ventral  side  of  the  basal  plates,  finally 
come  to  lie  on  the  lower  or  dorsal  side  of  the  '*  rosette"  formed  by  their 
metamorphosis,  I  need  not  here  repeat  the  history. 

B3CPLANATI0N  OF  THB  PLATES. 
Flats  8. 

Fig.  1.  Horisontal  Section  of  the  Yisoeral  mam  of  Antedon  rosaceus  (after  decaloifioatioii 
of  the  skeleton),  laying  open  the  intestinal  ooil : — a,  termination  of  the 
oblique  or  oesophageal  portion  in  the  horizontal  or  intestinal  portion  6,  c, 
whidi  forms  a  eulnUsac  at  d,  where  it  abruptly  bends  upwards  to  form  the 
projecting  vent ;  at  ^  is  seen  the  axial  canal,  surrounded  by  the  columella 
formed  hj  the  infolding  and  duplication  of  the  intestinal  wall ;  /,  oon- 
nectire  tissue  and  interspace-system,  shown  at  0  to  be  an  extension  of  the 
space  between  the  two  lamelltt  of  the  intestinal  walL 

Fig.  2.  Vertical  Section  of  the  Oalyx : — a,  mouth,  surrounded  by  oral  ring,  and  sur- 
mounted by  the  two  tentaouliferous  lobes  mm;  at  6  is  seen  the  oblique  or  oeso- 
phageal portion  of  the  alimentary  canal,  the  horizontal  or  intestinal  ooil  of 
whieh  is  transrersely  divided  at  0  and  d,  showing  in  section  the  corrugations 
of  its  double  wall,  the  internal  surface  of  which  is  oorered  by  a  thick 
(hepatic  ?)  epithelial  layer,  e,f,     Aty  is  seen  the  lower  part  of  the  axial 
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canal,  containing  a  portion  of  the  axial  prolongation  h.  The  middle  part 
of  this  canal  communicates  on  either  eide  with  the  interspaoe-Bjatem  formed 
bj  the  infolding  of  the  double  wall  of  the  alimentary  canal ;  and  at  2  is  seen 
in  transrerse  section,  opening  into  the  summit  of  the  axial  canal,  one  of  the 
radial  subtentacular  canals  of  the  ventral  disk.  On  the  other  side  of  the 
mouth  are  seen  two  of  the  brachial  subtentacular  canals,  one  of  them  trans- 
rerselj  divided  at  t,  and  the  other  obliquely  divided  at  k,  about  to  coalesce 
into  a  radial  canal  which  passes  round  the  cssophagus  to  open  into  the 
axial  canal. — This  section  has  not  laid  open  the  quinquelocular  organ  in 
the  oentro-dorsal  basin ;  but  from  its  lower  or  dorsal  margin  several  small 
cords,  /,  are  seen  to  pass  oiBT  to  enter  the  dorsal  drrhi. 

Fig.  3.  Vertical  Section  of  the  Calyx,  through  a  diflferent  plane  from  the  preceding : — 
0,  b,  c,  d,e,faa  in  the  last  figure ;  ^,  quinquelocular  organ ;  A,  lower  part  of 
the  axial  prolongation,  springing  from  the  central  axis  of  the  quinquelocular 
organ,  and  passing  behind  one  of  the  extensions  of  the  glandular  reduplica- 
tion, to  reappear  above  it  at  h\  proceeding  to  the  circular  lip  seen  in 
section  at  i;  at  k  is  shown  the  mass  of  connective  tissue  with  its  inter- 
space-system lying  between  the  duplications  of  the  intestinal  wall  that  form 
the  columella ;  /,  m,  two  of  the  axial  (nerve  ?)  cords  proceeding  to  the  rays 
from  the  upper  or  ventral  margin  of  the  quinquelocular  organ. 

Fig.  4.  Transverse  Section  of  the  Quinquelocular  organ,  viewed  from  its  upper  or  ven- 
tral aspect : — a,  central  axis  formed  by  a  prolongation  of  the  axis  of  the 
Crinoidal  stem ;  b,  b,  dissepiments  forming  five  ventricular  cavities ;  c,  c,  one 
of  the  axial  verticils  sending  off  cords  that  seem  to  pass  through  the  peri- 
pheral wall  to  proceed  to  the  dorsal  cirrhi ;  d^  d,  apertures  by  which  the  fire 
ventricular  cavities  communicate  with  the  perivisceral  space. 

Fig.  6.  Vertical  Section  of  the  Quinquelocular  organ,  showing  the  division  of  its  upper 
or  ventral  portion  b  into  chambers,  and  the  occupation  of  its  lower  or 
dorsal  portion  a  by  a  succession  of  axial  verticils  giving  off  cords  to  the 
cirrhi. 

Plate  9. 

Fig.  6.  Transverse  Section  of  decalcified  Arm : — a,  a,  organic  basis  of  calcareous  seg- 
ment ;  bt  solid  axial  (nerve  ?)  cord  proceeding  from  quinquelocular  organ ; 
9», 9»,  muscles;  cc,  co^liac  canal;  ffr,  tubular  genital  rachis  (the  nerve  of 
Miidler),  lying  in  its  genital  canal ;  stc,  the  two  subtentacular  canala  (the 
tentacular  canals  of  MiiUer),  which  virtually  form  a  single  canal,  the  parti- 
tion between  them  being  cribriform,  as  shown  in  fig.  7 ;  fe,  the  true  tenta- 
cular canal,  giving  off  alternating  lateral  branches  to  the  tentacular  appa- 
ratus and  the  crescentic  folds,  at  the  base  of  which  lie  the  saccular  (sensory?) 
organs  88. 

Fig.  7.  Longitudinal  Section  of  the  ventral  portion  of  the  Arm : — co,  coeliac  canal, 
giying  off  at  d  d  lateral  branches  to  the  pinnules ;  stCt  subtentacular 
canal,  divided  from  its  fellow  by  cribriform  partition.  The  section  has  not 
laid  open  the  true  tentacular  oanal ;  but  the  orifloes  by  which  it  oommimi- 
cates  with  the  tentacular  system  of  the  near  side  are  seen  at  ^^,  and  those 
leading  into  the  bases  of  the  groups  of  tentacles  of  the  off  side  are  seen 
at^'^'. 

Fig.  8.  Transverse  Section  of  decalcified  Spermatigerous  Pinnule : — a,  organic  basis  of 
calcareous  segment ;  6,  axial  cord ;  cCf  coeliac  canal ;  t,  testis,  lying  within 
a  dilatation  of  the  genital  canal  ^c,  and  developed  (like  the  ovary  shown  in 
fig.  9)  from  a  pedimcle  given  off  from  the  genital  rachis ;  stc,  single  subten- 
tacular canal ;  tc,  true  tentacular  canal;  ss,  saccular  (sensory?)  organs. 

Fig.  9.  Longitudinal  Section  of  decalcified  Ovigerous  Pinnule  :^a  a,  organic  basis  of 
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calcareouB  segments ;  6,  aiial  cord ;  cc,  coeliao  canal,  extending  to  near  the 
extremity  of  the  pinnule ;  ov^  OThry  filling  the  dilatation  of  the  genital  canal, 
and  deyeloped  from  the  peduncle  p  giren  off  from  the  genital  rachis  of  the 
arm ;  sic,  subtentacular  canal ;  tc,  true  tentacular  canal,  with  its  orifices, 
o  o,  leading  to  the  tentacular  apparatus. 

Fig.  10.  Vertical  Section  of  a  veiy  young  Pentacrinoid,  showing  a  portion  of  the  Ali- 
mentary canal  al,  hanging  freely  in  the  large  periyisoeral  space  pv,  and 
the  formation  of  the  ring-canal  re  from  which  the  tentades  proceed,  by  the 
marking-off  of  the  portion  of  the  space  included  in  the  fold  of  the  oral  disk 
or,  by  transrerse  threads  of  oonnectiTe  tissue.  At  an  is  seen  the  ciecal  ter- 
mination of  the  intestine,  not  yet  bending  upwards  to  protrude  as  a  vent. 

Fig.  11.  Vertical  Section  of  a  somewhat  more  adTanoed  Fentacrinoid,  in  which  the 
derelopment  of  the  Arms  has  not  yet  commenced,  showing  the  enlargement 
of  the  Alimentary  canal  al  divided  transversely  at  al\  and  the  relative 
diminution  of  the  perivisceral  space ;  the  crinoidal  axis  of  the  stem  cr  is 
seen  to  be  prolonged  upwards  at  ox,  through  the  central  space  left  within  the 
intestinal  coil,  and  to  pass  obliquely  along  the  oesophageal  portion  a»  of  the 
canal  .towards  the  oral  ring-canal,  re. 

Fig.  12.  Vertical  Section  of  a  Pentacrinoid  in  which  the  Arms  and  Dorsal  Cirrhi  haTe 
appeared : — the  alimentary  canal,  of  which  as  is  the  oesophageal  portion,  and 
itU  the  intestinal  portion,  now  fills  the  perivisceral  cavity  more  completely; 
and  a  membranous  fold  n^  shows  iteelf,  which  divides  that  cavity  into  a 
dorsal  and  a  ventral  portion.  From  the  former  proceeds  the  coeliac  canal 
cc\  from  the  latter  the  subtentacular  canal  tic;  while  the  true  tentacular 
canal  tc  proceeds  from  the  oral  ring-canal,  which  is  still  not  blocked  up  by 
the  CKCtX  tubuli  and  connective  tissue  that  subsequently  occupy  it. 


January  27,  1876. 
Dr.  J.  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 

I.  ''  On  the  Variations  ol  the  Daily  Mean  Horizontal  Force  of  the 
Earth's  Magnetism  produced  by  the  Sun's  Rotation  and  the 
Moon's  Synodical  and  Tropical  Revolutions."  By  J.  A. 
Broun,  F.R.S.    Received  December  15, 1875. 

(Abstract.) 

The  variations  of  daily  mean  horizontal  force  in  the  years  1844  and 
1845  showed  several  well-marked  oscillations,  having  periods  of  from 
20  to  30  days,  and  amplitudes,  in  some  cases,  of  more  than  one  thou- 
sandth of  the  whole  magnetic  force.  These  oscillations  were  first  attri- 
buted to  lunar  action ;  forwards  they  were  found  more  probably  due  to 
the  sun's  rotation  on  his  axis.    The  disappearance  of  these  oscillations  in 
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the  middle  of  well-marked  series,  their  different  amplitudes  and  periods, 
could  not  be  explained  except  by  the  supposition  that  the  solar  action 
was  not  continuous,  but  only  by  fits  periodic. 

The  author  was  induced  to  believe  lately  that  these  differences  in  the 
oscillations  were  due  to  conjoint  actions  of  the  sun  and  moon;  he 
accordingly  deduced  the  mean  variations  corresponding  to  three  periods 
of  26,  29*5,  and  27*3  days,  the  times  of  rotation  of  the  sun  derived  from 
the  magnetic  observations,  and  of  the  moon's  synodical  and  tropical  revolu- 
tions respectively.  He  finds  that  the  combinations  of  these  three  series 
of  variations  represent  with  considerable  accuracy  all  the  variations  of 
the  daily  mean  horizontal  force  of  the  earth's  magnetism  during  each 
year ;  so  that  the  sun's  rotation  and  the  different  positions  of  the  moon 
relatively  to  the  sun  and  the  phme  of  the  equator  (or  of  the  ecliptic)  are 
found  to  produce  all  the  differences  in  the  amplitude  and  time,  as  well  as 
the  apparent  disappearance  of  the  oscillation. 

Cases  of  considerable  and  sudden  diminution  of  the  earth's  magnetic 
force  which  happened  in  the  years  1844  and  1845  are  next  examined ; 
and  it  is  shown  that  these  changes  occur  at  intervals  of  26  days,  or  mul- 
tiples of  26  days ;  in  one  instance  there  are  five  successive  recurrences  at 
the  exact  interval  of  26  days. 

As  this  period  is  that  of  the  sun's  rotation  relatively  to  ths  earthy  it 
appears  to  follow  that  the  earth  has  some  action  on  the  sun,  or  (more 
probably)  on  some  ray-like  emanation  from  the  sun,  which  causes  these 
changes  in  the  earth's  magnetism. 

It  is  found  also  that  these  sudden  variations  occur  more  frequently 
when  the  moon  is  at  a  considerable  distance  from  the  equator  and  the 
ecliptic ;  it  would  thus  appear  that  our  satellite  has  also  an  action  on  the 
cause  of  the  great  terrestrial  magnetic  disturbances. 


II.  ''  Besults  of  the  Monthly  Observationa  of  Magnetic  Dip^  Hori- 
zontal Force^  and  Declination  made  at  the  Kew  Observatory 
from  April  1869  to  March  1875  inclusive.''  By  the  Kew 
CoMKiTTEE.     Received  November  25^  1875. 

This  paper,  containing  the  result  of  six  years'  magnetic  observations 
at  the  Kew  Observatory,  follows  as  the  third  of  a  series  of  publications, 
the  first  of  which  was  a  communication  to  the  Eoyal  Society  by  General 
Sir  E.  Sabine,  published  in  the  Philosophical  Transactions  for  1863, 
page  273,  which  consisted  of  a  discussion  of  certain  selected  magnetic 
disturbances,  a  general  discussion  of  declinational  changes  as  recorded 
by  the  magnetographs,  and  a  discussion  of  the  absolute  determination 
of  Dip  and  Horizontal  Force  at  the  Observatory,  for  the  six  years  April 
1857  to  March  1863  inclusive. 

The  second  publication  appeared  in  1870  as  a  paper  in  the  <  Froceed- 
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ings  of  the  Eoyal  Society,'  contributed  by  Dr.  Balfour  Stewart,  fhe 
Superintendent  of  the  Observatory;  it  contained  the  results  of  the 
monthly  observations  of  Dip  and  Horizontal  Force  for  the  next  series  of 
six  years,  viz.  from  April  1863  to  May  1869. 

There  is  now  presented  a  further  series  of  six  years'  observations  of 
Dip  and  Horizontal  Force,  from  April  1869  to  March  1875  inclusive, 
together  with  observations  of  absolute  declination  for  the  same  period. 

The  instruments  employed  in  the  determinations  are  the  same  as  those 
described  by  Sir  E.  Sabine  in  the  Philosophical  Transactions,  1863, 
page  296,  no  change  worth  noticing  having  been  made  in  either  instru- 
ments or  magnets. 

As  in  the  case  of  the  six  years  discussed  by  Dr.  Stewart,  only  those 
dips  have  been  considered  which  have  been  made  with  the  two  needles 
Nos.  1  and  2  of  circle  Barrow  No.  33 ;  of  these  the  general  practice  has 
been  to  observe  both  needles  on  two  successive  days  in  the  middle  of  the 
month,  giving  the  mean  of  the  four  observations  as  the  mean  for  the 
month. 

The  values  of  the  constants  employed  in  the  reduction  of  the  observa- 
tions of  vibration  and  deflection  have  been  redetermined,  and  found  to 
closely  correspond  with  those  found  by  Mr.  Welsh,  which  are  given  in 
the  paper  quoted  above. 

Two  observations  of  vibration  and  two  of  deflection,  at  two  distances, 
have  been  made  each  month,  the  mean  result  being  taken  as  the  force  for 
the  month. 

The  Declination  observations  have  been  made  in  the  Magnetic  Obseiv 
vatory  with  the  Kew  9-inch  unifllar  and  a  reversible  collimator  magnet 
NE,  the  instrument  being  directed  after  each  reading  to  the  reference- 
marks  on  the  obelisk  erected  a  quarter  of  a  mile  to  the  north  of  the 
Observatory  as  a  meridian  mark  for  the  transit  instrument. 

The  azimuth  of  this  mark,  as  viewed  from  the  declinometer,  was  care- 
fully determined  by  Mr.  Welsh  in  1857,  and  has  since  been  verified  both 
by  Mr.  Chambers  and  Mr.  Whipple. 

After  each  observation  of  the  magnet  it  is  removed  and  replaced  by  a 
torsion-plummet  of  equal  weight,  the  position  of  which  is  observed  when 
it  has  come  to  perfect  rest  a  few  hours  after  the  observation. 

Should  any  torsion  be  found  to  have  been  introduced  into  the  thread, 
a  suitable  correction  is  applied  to  the  observation. 

Observations  have  been  made  at  noon  on  two  consecutive  days  in  each 
month,  the  mean  of  which  is  inserted  in  the  Table. 

Dip. 

In  Table  I.  we  have  a  record  of  the  observed  values  of  dip  made  with 
circle  33  Barrow,  each  observation  being  the  mean  of  two  made  with  each 
of  the  two  needles  belonging  to  that  circle. 
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Table  I. 
Magnetic  Dip  as  determined  at  the  Kew  Obsenratoiy. 


1869. 

1870. 

1871. 

1872. 

1873. 

1874. 

Mean  of 
6  years. 

April 

m^y   

June  

July    

August   ... 
September 

6§    ^-6 
0-7 
0-4 

67  58-9 
59-2 

68  1-3 

67  57-6 
57-7 
55-5 
56-8 
59-0 

68  0-1 

6?  5^-0 

560 

[67  56-0] 

55-9 

581 

67  53-9 

6?  53-8 
53-8 
53-5 
530 
52-3 

67  54-3 

67  5^-3 
50-9 
51-7 
51-3 
51-1 

67  51-6 

6?  50-8 
49-0 
471 
60-9 
49-4 

67  52-2 

67  54-18 
54-68 
54-03 
54-49 
54-85 

67  55  57 

68    0-52 

67  57-78 

67  56-48 

67  53-45 

67  51-65 

67  49-90 

67  54-96 

1869-70. 

1870^71. 

1871-72. 

1872-73. 

1873-74. 

1874-76. 

Mean  of 
6  years. 

October  ... 

NoTember 

December 

January... 

February 

March    ... 

6§    0-3 

23 

0-2 

0-6 

67  59-4 

67  59-0 

68    i-O 

67  58-6 

57-6 

56-4 

67-4 

67  58-1 

67  54-0 
570 
55-7 
55-1 
55-3 

67  55-5 

67  54-4 
65-0 
53-5 
53-3 
53-5 

67  52  8 

67  5^-4 
51-1 
49-7 
50-9 
50-3 

67  50-0 

67  4dl 
50O 
50-3 
49-2 
48-9 

67  48-8 

6?  55-53 
55-67 
54-50 
54-25 
5413 

67  6403 

68    0-30 

67  5818 

67  55-77 

67  53-75 

67  50-73 

67  49-38 

67  54-68 

68    0-41 

67  57-98 

67  5612 

67  53-60 

67  6119]  67  49-64 

67  54-82 

The  number  within  brackets  is  interpolated. 

The  absolute  values  of  the  dip  corresponding  to  the  beginning  of 
October  in  each  of  the  years  from  1868  to  1874  and  the  secular  change 
in  each  year  are  as  follows : — 

o     I  Beo.  ohange. 


n  Ay 

)ril  1868  to  ^ 

farclil869.. 

. .  68   213 

>» 

1869        , 

1870.. 

0-41 

-1-72 

if 

1870 

1871.. 

.  67  57-98 

-2-43 

if 

1871 

.        1872.. 

. .       66-12 

-1-86 

M 

1872 

„        1873.. 

..       63-60 

-2-52 

f» 

1873 

„        1874.. 

. .       61-19 

-2-41 

>» 

1874 

1876.. 

. .       49-64 

-1-56 

Mean  of  the  six  years  corres;^ 
to  middle  epoch,  April  1, 1872  . 


,^5,,.g2.    Mjja^ae^J,,.^, 


The  annual  variation  and  semiannular  inequality  for  the  same  period 
are  as  follows:— 
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Date. 

Corrections 

for  secular 

change. 

67°  54'-82 

+  secular 

change. 

Obserred 
ralues. 

Observed  minus  calculated. 

April  to 
September. 

October  to 
March. 

July  1. 1869 
Jan.  1,  1870 
July  1. 1870 
Jan.  1,  1871 
July  1, 1871 
Jan.  1,  1872 
July  1. 1872 
Jan.  1. 1873 
July  1. 1873 
Jan.  1, 1874 
July  1. 1874 
JaiL  1. 1875 

+  6-91 
+  4-84 
+  3-76 
+  2-69 
+  1-61 
+  0-54 
-0-64 
-1-61 
-2-69 
-376 
-4-84 
-5-91 

68    d-73 
67  69-76 
68-58 
67-51 
66-43 
66-36 
64-28 
53-21 
5213 
51-06 
49-98 
48-91 

6§    &62 
0-30 

67  57-78 
68-18 
66-48 
56-77 
63-45 
63-75 
61-65 
60-73 
49-90 
49-38 

-(5-21 
-0-80 
+  005 
-()-83 
-0-48 
-CHW 

1 
+  0-64 
+  0-67 
+  0-41 
+  0-54 
-0-33 
+  0-47 

-0-39 

+  0-40 

These  six  years  show  a  semiannual  inequalify  in  the  dip,  the  mean 
giving  a  lower  reading  by  0''40  in  the  six  months  from  April  to  September, 
and  a  higher  by  0''40  in  the  other  six  monthis,  viz.  October  to  March, 
than  the  average  for  the  year. 

This  amount  appears  to  be  yariable,  the  range  in  the  six  years  ending 
March  1863  published  by  Sir  E.  Sabine  being  1''31,  in  the  six  years 
ending  March  1869  discussed  by  Dr.  Stewart  but  0'*54,  and  in  the  six 
years  now  under  consideration  0'-80. 

The  mean  annular  secular  change  as  deduced  from  the  three  series  of 
observations  is  as  follows  : — 


Epoch. 

Mean  dip. 

Bifferenoe. 

Mean  annual 

Aiiril  1. 1860   

6§    2(J-07 
68      6-62 
67    64-82 

13-45 
11-80 

2-26 
1-97 

Aoril  1.  1866    

Anril  1.  1872    

Takisg  the  mean  secnlar  change  from  the  valoe  for  each  year,  we  have 

Series  1 2-00 

..     2 1-92 

..     3 215 

The  probable  error  of  a  monthly  determination  of  the  dip  as  found  by 
the  method  of  least  squares  from  the  six  years'  observations,  after  the 
application  to  each  observation  of  the  correction  for  secular  and  semi- 
annual change,  is  +0'*78. 

The  error  in  series  1  was  ±  0'-71,  and  in  series  2  ±  0''96. 
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HOEIZOITTAL  FOBOB. 

The  monthly  values  of  the  horizontal  force,  as  observed  by  the  Kew 
TTnifilar,  are  given  in  Table  lU. 

The  method  of  redaction  is  the  same  as  that  used  in  the  two  former 
papers,  described  in  the  first. 

Table  in. 
Monthly  Values  of  the  Horizontal  Component  of  the  Magnetic  Eorce  at 
Kew,  computed  from  the  Experiments  of  Deflection  and  Vibration  with 
the  Collimator  Magnet  KC  1. 


1869. 

1870. 

1871. 

1872. 

1873. 

1874. 

Mean  of 
6  years. 

April 

Maj  

June  

July   

August  ... 
September 

3-8499 
3-8504 
3-8546 
3-8662 
3-8495 
3-8530 

3-8542 
3-8502 
3-8560 
3-8619 
3-8660 
3-8552 

8-8599 
3-8636 
[3'8622] 
3-8608 
38623 
3-8646 

3-8642 
3-8723 

3-8688 
3-8704 
38701 
3-8746 

3-8762 
3-8758 
3-8773 
3-8794 
3-8785 
3-8797 

3-8801 
3-8857 
3-8816 
3-8812 
3-8849 
3-8768 

3-8641 
3-8663 

3-8668 
3-8683 
3-8685 
3-8673 

3-8523 

3-8572 

3-8622 

3-8701 

3-8778 

3-8817 

3-8669 

1869-70. 

1870-71. 

1871-72. 

1872-73. 

1873-74. 

187^75. 

Mean  of 
6  years. 

October  ... 

Norember 

December 

January... 

February 

March    ... 

3-8544 
8-8567 
38473 
3-8576 
3-8529 
3-8783 

3-8519 
3-8621 
3-8575 
3-8590 
3-8634 
3-8642 

3-8700 
3-8647 
3-8657 
3-8682 
3-8594 
3-8672 

3-8731 
3-8641 
3-8735 
3-8698 
3-8747 
3'8790 

3-8691 
3-8746 
3-8856 
3-8768 
3-8792 
3-8803 

3-8843 

3-8815 
3-8810 
3-8846 
3-8882 
3-8833 

3-8671 
3-8673 
3-8684 
3-8693 
3-8696 
3-8754 

3-8579 

3-8597 

3-8659 

3-8724 

3-8776 

3-8838 

38695 

3-8551 

8-8585 

3-8640 

3-8712 

3-8777 

3-8828 

8-8682 

The  number  within  brackets  is  interpolated. 

The  absolute  values  of  the  horizontal  force  corresponding  to  tha 
beginning  of  October  in  each  of  the  years  from  1869  to  1874  and  the 
secular  change  in  each  year  are  as  follows : — 

Table  IV. 


Secular  change. 

n  April  1869  to  March  1870 

. . . .  3-8551 

1870 

»> 

1871.... 

. . . .  3-8586 

+-0034 

1871 

M 

1872. . . . 

. . . .  3-8640 

+•0055 

1872 

J» 

1873.,.. 

, , , ,  3-8712 

+-0072 

1873 

M 

1874,... 

, . . .  3-8777 

+•0065 

1874 

99 

1875.... 

. . . .  3-8828 

+-0051 

Mean  of  the  six  years  corresponding  1  o.qqqo     Mean  secular  I    , 
to  the  middle  epoch,  April  1, 1872  J  *      change J 


0055. 
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In  order  to  exhibit  semiannual  inequality  in  the  horizontal  force, 
Table  Y.  has  been  formed  in  a  similar  manner  to  Table  n. 

Table  V. 


Bate. 

Correction 

for  secular 

change. 

3-8682 

±  secular 
change. 

Observed 
Talues. 

Obserred  minus  calculated. 

April  to 
September. 

October  to 
March. 

July  1. 1869 
Jan.  1,  1870 
July  1, 1870 
Jan.  1,  1871 
July  1, 1871 
Jan.  1,  1872 
July  1,  1872 
Jan.  1,  1873 
July  1,  1873 
Jan.  1,  1874 
July  1, 1874 
Jan.  1.  1875 

-  0-0152 

-  0-0125 
-0O097 
-00070 
-0-0042 
-0-0014 
+  0-0014 
+  0-0042 
+  00070 
+  00097 
+  00125 
+  0-0152 

3-8530 
3-8557 
3-8585 
3-8612 
3-8640 
3-8668 
3-8696 
38724 
3-8752 
3-8779 
3-8807 
3-8834 

3-8523 
3-8579 

3-8572 
3-8597 
3-8622 
3-8659 
3-8701 
3-8724 
3-8778 
3-8776 
3-8817 
3-8838 

-0007 
-•(X)13 
-•0618 
+  •6005 
+  •0026 
+  •0610 

+  •0022 
-0016 
-•0009 
•0000 
-0003 
+  •0004 

Mean  difference  between  the  obseryed  and  caloolated  1 

•0000 

•0000 

Table  IV.  shows  the  mean  annual  secular  change  during  the  last  six 
years  to  have  been  precisely  the  same  as  during  the  six  years  previous, 
and  slightly  greater  than  in  the  period  1857  to  1863,  when  it  was 
•0053. 

Table  V.  also  agrees  with  Table  VII.  in  Dr.  Stewart's  discussion,  in 
not  exhibiting  any  trace  of  semiannual  inequality,  thereby  differing  from 
Sir  B.  Sabine's  paper,  in  which  for  the  years  1857  to  1863  an  inequality 
amounting  to  '0026  was  shown  to  exist. 

The  probable  error  of  a  monthly  determination  of  the  horizontal  force 
as  determined  by  least  sqiuires  from  the  six  years  series,  after  the  cor- 
rection for  secular  change  has  been  applied  to  each  observation,  is 
±•0024.  ^ 

TOTAX  FOBOB. 

We  find  in  Table  HE.  that  the  means  of  the  April  to  September 
values  of  the  Twrizontal  component  of  the  force  in  the  six  years  is  3*8669, 
corresponding  in  epoch  to  January  1,  1872,  and  in  Table  I.  that  the 
mean  of  the  April  to  September  values  of  the  dip  in  the  same  six  years 
is  67*  54''96,  corresponding  to  the  same  epoch. 

We  find  also  in  Table  III.  that  the  means  in  the  six  years  of  all  the 
October  to  March  values  are  for  the  horizontal  force  3^8695,  and  for  the 
dip  67^  54'*68,  corresponding  to  epoch  July  1, 1872. 

These  values  may  be  reduced  to  a  common  epoch  by  applying  to  the 
former  dip  the  correction  of  — 1'-07  as  the  proportional  part  of  the 
secular  change  as  determined  by  the  whole  six  years'  observations. 
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Covrectiag  in  a  similar  manner  the  horizontal  force  for  the  same 
period,  we  get : — 

Horiz.  Force.  Dip. 

From  the  April  to  September  observations  1  3.3^9(55      (A  53.39 

(reduced  to  epoch  July  1, 1872)    J 

And  from  the  October  to  March  observations  1  ^,qqq^q      57  54.68 
(reduced  to  the  same  epoch) J 

"We  have  then  for  the  total  force  derived  from  the  first  series 
3-86965  sec  67*^  63'-89= 10-28463  British  units,  and  for  the  second 
series  3-86950  sec  67®  64'-68  =  10-29013,  showing  thus  a  difference  of 
0*00550  as  the  measure  of  the  greater  intensity  of  the  terrestrial  magnetic 
force  in  the  October  and  March  period  than  in  the  April  to  September 
period. 

The  amount  determined  from  the  first  six  years'  observations  by 
Sir  E.  Sabine  was  0-00317 ;  the  second  six  years,  1863  to  1869,  gave 
0-00363. 

Absolute  Decldtation. 

The  observations  of  declination  made  with  the  Kew  Unifilar  during  the 
periods  corresponding  to  those  for  which  the  force  and  dip  observations 
were  discussed  have  not  been  published,  a  much  more  elaborate  series 
of  observations  being  available  in  the  records  of  the  Kew  self-recording 
Declinometer. 

These  were  fully  treated  by  Sir  E.  Sabine  for  the  years  1857  to  18G2 
inclusive,  in  the  Philosophical  Transactions  for  18G3,  page  290 ;  and  a 
paper  carrying  the  investigation  up  to  the  end  of  1873  is  now  in  course 
of  preparation. 

We  here  give  the  results  of  the  observations  made  monthly,  in  a  form 
similar  to  that  in  which  the  force  and  dip  observations  are  drawn  up. 

Table  VI. 

The  Monthly  observations  of  Absolute  Declination  at  noon,  observed 
with  the  Declinometer. 


Ifonth. 

1869. 

1870. 

1871. 

1872. 

1873. 

1874. 

Met 

ml 

»y  

ne  

Jy  

igust  ... 
ptember 

28  31  233 
20  33  35-8 
20  33  39  2 
20  34  39  8 
20  30  44-5 
20  24  51-8 

0  1     II 
20  25  49-2 
20  32  17-2 
20  25  5-5 
20  25  45-7 
20  23  18-4 
20  24  24-2 

0  1    II 
20  17  590 
20  16  433 
[20  IG  48-8] 
20  IG  54-4 
20  20  5-8  ' 
20  15  59-0  ' 

20  8  49-4 
20  3  21  9 
20  10  43G 
20  10  11-7 
20  0  54-3 
20  7  20  4 

0  1     II 
20  2  8-0 
19  53  191 

19  5G  45-3 

20  1  43-4 
19  55  5-7 
19  59  49-2  1 

1 

iS  51  211 
19  53  38-8 
19  49  444 
19  49  35-0 
19  49  23-5 
[19  49  29-8] 

5iS  12 
20  12 
2«>  12 
20  13 
20  10 
20  10 

20  31  29-07 

20  26  6  72i  20  17  24-72!  20  7  53  55 

19  58  8-45|  19  50  32-05 

20  11 
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Table  VI. 

{continued) 

dL 

186^-70. 

1870-71. 

1871-72. 

1872-73. 

1873-74. 

1874-75. 

Meano 
six  yean 

rf... 

28  2f    70 
20  31  48-5 
20  22  280 
20  24  280 
20  24  40*8 
20  29    5-4 

20  26  4^0 
20  15  25-3 
20  17  26-2 
20  17  290 
20  18    5-6 
20  19  22-6 

2819    2-4 
20    9  48-8 
20    7    5-2 
20    7  49-1 
20    8  570 
20  12    60 

20    3  3^-4 
20    4  30-2 
20    1  31-4 
20    2  251 
20    4    2-4 
20    4  59-9 

■ 

iS  5i  58-7 
19  49  44-5 
19  54    0-4 
19  54    8-0 
19  51  121 
19  58  47-2 

1§  49  35-4 
19  46    7-9 
19  41  19-2 
19  47  54-5 
19  47  58-9 
19  46  411 

2§    ^51 
20    6  14 
20    3  58 
20    5  42 
20    5  49 
20    8  30 

.20  26  36-43|20  18    612 

20  10  4808 

20    3  31-23 

19  53  28-48 

19  46  3617 

20    6  31 

20  29    2-75'  20  22    6-42 

20  14    6-40 

20    5  42-39 

19  55  48-46 

19  48  3411  20    9  13 

The  absolute  values  of  the  Decimation,  correspondiDg  to  the  beginning 
of  October  in  each  of  the  years  comprehended  in  Table  VI.,  and  the 
secular  change  in  each  year  are : — 


From  April  1869  to  Id 
1870 

[arch  1870  

0     t     il 
20  29    2*75 

Secular  chauge. 

1871  

22    6-42 

-6  56-33 

1871        , 
1872 

1872  

,        1873  

14    6-40 

5  42-39 

-8    0-02 
-8  24-01 

1873  , 

1874  . 

1874  

1875  

19  55  48-46 

48  34-11 

-9  53-93 
-7  14-35 

Mean  of  the  six  years  corresponding  to  )  ono  o*  1  q".4o 
the  middleepoch,  April  1,1872 }^   *^  ^^  ^• 


Mean  secular  X     «,  rj'.no 
decrease.../"®   *^  ^^• 


The  semiannual  inequality  is  exhibited  in  the  following  Table : 

Table  Vn. 


Date. 

Correction 

for  secular 

change. 

20°  9'  13"-42 
+  secular 
change. 

Observed. 

Minus  calculated. 

April  to 
September. 

October  to 

July  1, 1869 

+  22  lb-73 

^  31  29-15 

i)  3i  2607 

-d    6-08 

1     II 

Jan.  1,  1870 

+ 18  12-87 

27  26-29 

26  36-43 

-0  49-86 

July  1,  1870 

+  14  1001 

23  23-43 

26    6-72 

+  2  43-29 

Jan.  1, 1871 

+  10    7-15 

19  20-57 

18    612 

-  1  14-45 

July  1, 1871 

+   6    4-29 

15  17-71 

17  24-72 

+  2    701 

Jan.  1, 1872 

+    2    1-43 

11  14-85 

10  4808 

-  0  20-77 

July  1, 1872 

-    2    1-43 

7  11-99 

7  53-55 

4-  0  41-56 

Jan.  1, 1873 

-    6    4-29 

3    9-13 

3  31-23 



+  0  2210 

July  1,  1873 

-10    7-15 

19  60    6-27 

19  58    8-45 

-  0  57-82 

Jan.  1.  1874 

-  14  1001 

55    3-41 

53  28-48 



-  1  3403 

'^uly  1, 1874 

-  18  12  87 

51    0-55 

50  3205 

-  0  28-50 

Jan.  1, 1875 

—  22  15-73 

46  57  69 

46  36-17 

-  0  21-52 

Mean  difference  between  tl 
raluM  in  the  respective 

le  obserred  ani 
lemiannual  pei 

i  calculated  \ 
iods j 

4-  0  4001 

-0  40-90 
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The  mean  annual  secular  change  observed,  8'  6"-72  declination  dimi- 
nishing, is  larger  than  that  determined  by  Sir  E.  Sabine,  which  was 
7'  39" ;  but  this  is  only  in  accordance  with  the  opinion  expressed  in  the 
former  paper,  where  it  is  shown  that  the  secular  change  is  a  variable  one, 
and  is  probably  now  becoming  progressively  more  rapid. 

The  semiannual  inequality  is  also  largely  increased,  being  now 
81  ''80,  whereas  between  1867  and  1862  it  was  only  68"-85 ;  possibly 
part  of  this  difEerence  may,  however,  be  due  to  the  fact  of  the  observa- 
tions now  under  notice  having  only  been  made  at  isolated  periods,  whilst 
the  latter  result  was  obtained  from  the  hourly  readings  of  the  magneto- 
graph  recording  the  declination  continuously. 

The  observations  discussed  in  this  paper  have  been  made  and  reduced 
by  Mr.  G.  M.  Whipple,  B.Sc,  Magnetic  Assistant,  and  Messrs.  Galium, 
Power,  and  Figg,  observers,  under  his  supervision. 


III.  "  Contributions  to  the  Minute  Anatomy  of  the  Thyroid  Gland 
of  the  Dog.^'  By  E.  Cbesswell  Babeb,  M.D.  Lond.  Com- 
municated by  Dr.  Klein,  F.R.S.  Received  December  9, 
1875. 

(Abstract.) 

The  minute  structure  of  the  thyroid  gland  generally,  and  of  its 
Ivmphatics  in  particular,  are  subjects  still  but  imperfectly  understood. 
With  the  view  of  elucidating  the  latter,  the  following  research  was  made 
on  the  thyroid  gland  of  the  dog.  The  research  was  carried  out  under  the 
direction  of  Dr.  Klein.  On  injecting  the  lymphatics  of  this  organ  with 
Berlin  blue,  by  the  method  of  puncture,  they  present  the  following 
characters  : — 

Traversing  the  gland,  chiefly  in  a  longitudinal  direction,  are  large 
lymphatic  vessels  provided  with  valves.  In  direct  connexion  with  these, 
aud  permeating  the  gland  in  all  directions,  is  a  dense  meshwork  of 
lymphatic  tubes  and  spaces.  The  smaller  lymphatic  tubes  run  between 
individual  glaud-vesicles,  the  larger  between  groups  of  the  same.  Thev 
accommodate  themselves  accurately  to  the  intervals  left  between  the 
vesicles,  and  where  the  inten-als  are  larger  they  expand  into  irregularly 
shaped  lymphatic  spaces.  They  present  no  appearance  of  terminating  in 
blind  extremities  as  stated  by  some  authors.  Injections  with  nitrate  of 
silver  show  the  lymphatic  vessels,  tubes,  and  spaces  to  be  all  lined  with 
a  continuous  layer  of  endothelial  plates. 

During  this  investigation  it  became  necessary  to  study  more  care- 
fully the  iutoralveolar  tissues.  This  led  to  the  discovery  in  them 
of  a  tissue  which  does  not  appear  to  have  yet  been  described.  This 
tissue,  which  is  designated  by  the  author  by  the  name  of  ^^ parenchyma,"* 
consists  of  large  rounded  cells,  each  provided  with  an  oval  nucleus, 
found  either  singly  or  in  groups  amongst  the  epithelial  cells.     From 
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appearances  presented  by  the  parenchymatoas  cells,  the  author  concludes 
that  they  originate  external  to  the  vesicles  by  exerting  pressure  on  the 
epithelial  wall  of  the  vesicles;  they  then  produce  a  flattening  and 
absorption  of  the  same,  and  finally  make  their  way  through  it  into  the 
interior  of  the  vesicle. 

The  author  in  conclusion  points  to  the  morphological  identity  existing 
between  the  contents  of  the  lymphatics  and  those  of  the  vesicles — the 
contents,  namely,  of  both  appear  during  life  to  be  a  viscid  substance 
which,  in  sections  of  hardened  specimens,  present  a  like  morphological 
aspect,  and  stain  in  a  similar  manner  with  reagents.  This  identity,  if 
proven  in  other  respects,  will  go  far  to  show  that  one,  possibly  the 
chief,  function  of  the  thyroid  gland  is  the  formation  in  the  vesicles  of  a 
material  which  is  carried  by  the  lymphatics  into  the  general  circulation. 

This  paper  is  accompanied  by  nineteen  drawings  illustrative  of  the 
lymphatics  and  parenchyma  of  the  glands. 

rV.  ''  Besearch  on  the  Minute  Anatomy  of  the  Alimentary  Canal.^^ 
By  Herbert  Watney,  M.A.,  Demonstrator  of  Microscopical 
Anatomy  at  St.  George's  Hospital.  Conmiunieated  by  Dr. 
Klein^  F.R.S.^  Assistant  Professor  in  the  Brown  Institution. 
Received  December  16, 1875. 

(Abstract.) 

This  research  was  commenced  and  carried  on  for  the  first  fifteen 
months  under  the  direction  of  Dr.  Klein ;  during  the  last  year  it  was 
continued  independently. 

Chapter  L  describes  the  minute  anatomy  of  the  mucous  membrane  of 
the  small  intestine  and  the  method  of  fat-absorption. 

The  author  commences  the  Chapter  by  giving  a  history  of  the  researches 
of  previous  observers,  and  the  methods  he  employed  for  hardening  and 
staining  the  tissue.  He  then  gives  a  description  of  the  minute  struc- 
ture of  the  mucosa. 

Th%  following  are  the  results  obtained. 

1.  The  [epithelium. — ^Lymph-corpuscles  are  constantly  found  among 
tiie  epithelial  cells  of  the  intestine.  Further  it  is  found  that  the  epithe- 
lium contains  a  reticulum  continuous  with  the  reticulum  of  the  mucosa ; 
this  reticulum  appears  in  horizontal  sections  of  the  epithelium  as  small 
branched  cells,  which  sometimes  show  a  nucleus.  In  vertical  sections 
the  reticulum  is  seen  as  a  dark  line  at  the  base  of  the  epithelium,  and 
from  this  dark  line  fine  processes  run  among  the  epithelial  cells.  The 
reticulum  is  stained  very  deeply  by  chloride  of  gold  or  by  h»matoxylin. 

In  teased  preparations,  if  the  epithelial  cells  are  isolated,  shreds  of  the 
reticulum  are  seen  to  be  attached  to  the  separate  cells. 

The  epithelial  cells  are  described  as  being  closed  at  their  free  extremi- 
ties. 
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Groups  of  young  cells  are  found.  These  groups  (**  epithelial  buds  ") 
are  due  to  germination. 

2.  The  memhrana  propria  covering  the  villi  is  composed  of  large 
colls.  In  vertical  sections  the  cells  are  seen  to  be  round  or  oval,  and  lie 
close  below  the  above-mentioned  dark  line.  When  the  membrane  is 
separated  from  the  rest  of  the  tissue,  it  is  seen  to  be  composed  of  these 
calls  arranged  as  an  endothelium.  The  membrana  has  holes  or  gaps  in 
it;  and  in  teased  preparations  the  superficial  capillaries  are  always 
attached  to  it,  as  the  large  cells  partially  surround  the  vessels.  Villi 
which  are  denuded  of  their  epithelium  are  bordered  by  these  large  cells, 
and  not  by  the  dark  line,  as  the  reticulum  (which  forms  the  dark  line) 
breaks  off  with  the  epithelial  cells. 

In  oblique  sections  of  the  villi  the  reticulum  is  seen  to  surround  the 
cells  forming  the  membrana. 

3.  The  membrana  of  Lieberkiihn's  crypts,  when  isolated  from  the 
surrounding  structures  and  viewed  from  above,  is  found  to  be  a  homo- 
geneous membrane  with  nuclei  imbedded  in  it.  InobHque  sections  of  ihe 
membrane  in  situ  it  is  seen  to  be  composed  of  cells,  and  the  reticulum  is 
found  to  surround  the  cells  composing  it. 

4.  The  muscle-endings  in  the  mucosa. — In  cross  sections  of  the 
muscle-fibres  of  the  muscularis  mucosa,  a  reticulum  is  seen  to  sniround 
the  individual  muscle-fibres ;  this  reticulum  is  continuous  with  that  of 
the  mucosa. 

The  author  next  describes  the  manner  in  which  the  muscle-fibres 
terminate  in  the  rabbit's  colon.  The  individual  fibres  are  attached  to  the 
large  cells  forming  the  membrana  propria  by  means  of  the  reticulum. 

This  reticulum  must  therefore  be  regarded  not  only  as  a  network  of 
threads,  but  as  forming  in  places  membranous  investments. 

6.  The  muscle-fibres  in  the  villi  have  an  adventitia  formed  by  the 
reticulum  of  the  villus  ;  if  the  muscle-fibres  end  near  the  membrana,  the 
adventitia  may  be  attached  to  the  endothelial  cells  forming  the  mem- 
brane. 

6.  GThe  blood-vessels  are  found  to  have  an  adventitia  formed  by  the 
reticulum.  In  the  veins  the  reticulum  surrounds  the  endothelial  cells 
and  even  passes  between  them.  In  the  arteries  the  reticulum  surronnds 
the  muscle-fibres  ;  and  where  the  latter  are  few  and  scattered,  the  reti- 
culum forms  a  very  definite  adventitia  to  the  vessel. 

7.  The  chyle-vessels  are  also  found  to  have  an  adventitia  formed  by 
the  reticulum ;  i,  e.  in  longitudinal  sections  of  the  vessel  threads  are 
seen  attaching  the  vessel  to  the  reticulum.  The  reticulum  can  be  seen 
to  penetrate  between  the  endothelial  cells  in  the  same  manner  as  in  the 
veins. 

8.  The  tissue  of  the  mucosa  is  shown  to  be  composed  everywhere  of 
a  reticulum  and  of  cells  held  in  its  meshes.  The  author  finds  that  while 
thore  is  no  difference,  or  only  slight  differences,  between  the  reticulum 
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of  the  villus  and  that  of  the  lymphatic  follicles,  there  are  considerable 
differences  between  the  cells  of  a  lymphatic  follicle  and  those  of  the  villi. 
In  the  villi  the  cells  are  polygonal,  with  oval  nuclei  and  faintly  granular 
protoplasm ;  the  cells  are  arranged  as  an  endothelium,  and  can  hardly  be 
distinguished  from  the  endothelial  ceils  of  the  membrana  propria,  of  the 
blood-vessels,  and  of  the  lymphatics.  A  gradual  transition  is  found 
from  the  spherical  lymph-corpuscles  of  the  lymphatic  follicles^ to  the 
polygonal  cells  (connective-tissue  corpuscles)  of  the  upper  part  of  the 
viUi. 

It  is  found  that  there  are  more  lymph-corpuscles  in  the  villi  of  some 
animals  than  in  those  of  others. 

The  author  concludes  that  "  the  mucous  membrane  of  the  intestine  is 
pervaded  everywhere  by  a  reticulum,  similar  to  and  continuous  with  that 
found  in  the  lymphatic  follicles  of  Peyer's  patches.  This  reticulum  is 
situated  among  all  the  other  elements  which  are  contained  in  its  meshes. 
This  is  true  of  the  epithelial  cells,  the  muscle-fibres,  the  cells  of  the 
parenchyma,  the  endothelial  plates  of  the  membrana  propria,  of  the  blood- 
vessels, and  of  the  lymphatics." 

9.  Fat-absorption  by  the  reticulum — (a)  hy  the  reticulum  between 
the  epithelial  cells. — ^The  fat  is  seen  to  be  arranged  in  lines  between  the 
individual  oeUs  on  viewing  the  epithelium  from  above.  The  separate 
eells  in  teased  preparations  appear  to  contain  fat;  but  it  is  considered 
that  this  appearance  is  due  to  the  &t-particles  in  the  attached  threads  of 
reticulum. 

The  paper  then  relates  the  different  situations  in  which  this  reticulum 
has  been  seen  (as  in  the  salivary  glands,  rete  Malpighii  of  the  skin, 
serous  membranes,  epithelium  of  the  respiratory  tract,  <Sx;.),  with  the 
different  views  which  various  authors  have  held  concerning  it. 

(h)  Fat-absorption  hy  the  reticulum  of  the  villus, — ^During  absorption  fat 
is  found  to  travel  by  the  reticulum. 

Chapter  11.  gives  an  account  of  the  minute  anatomy  of  the  pyloric  end 
of  the  stomach.  This  chapter  commences  by  a  short  history  of  previous 
researches,  then  follows  a  description  of  the  minute  structure.  The 
following  are  the  results  obtained : — 

1.  The  surface  is  seen  to  present  somewhat  parallel  folds  ;  the 
stomach-tubes  opening  on  the  summits  of  these  folds  are  longer  than 
those  which  open  in  the  depressions  between  the  folds. 

2.  The  epithelium  is  described  as  being  closed  during  inanition,  but 
open  at  its  free  extremity  during  secretion. 

3.  The  germination  of  the  epithelium  is  next  described.  The  con- 
clusions arrived  at  are : — that  the  epithelial  cells  divide ;  that  the  small 
rounded  cells  (other  than  the  lymph-corpuscles)  are  the  products  of  their 
division ;  that  these  small  cells,  increasing  in  size,  rise  up  among  the 
older  cells,  push  them  to  one  side  and  become  short  broad  cells ;  that  the 
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» 
short  broad  cells  divide  longitudinally,  and  form  groups  of  two  or  three, 
or  even  more  cells,  which  the  author  calls  "  epithelial  buds." 

4.  A  reticulum  among  the  epithelial  cells  is  described :  it  is  found  to 
be  very  delicate,  and  does  not  extend  to  the  surface. 

5.  The  membrana  propria  is  found  to  be  composed  of  large  cells. 

6.  The  muscle-endings  in  the  plicsB  yillos®  are  similar  to  those  in  the 
colon  of  the  rabbit,  already  described. 

7.  Perivascular  spaces  are  found  in  the  upper  part  of  the  plic» 
viUossB ;  these  spaces  are  bordered  by  endothelial  cells :  the  membrana 
propria  forms  the  upper  wall  of  the  space. 

8.  The  proper  gland-tubes. — A  fine  reticulum  is  described  as  occur- 
ring among  the  epithelium  of  these  glands.  The  nuclei  are  found  usually 
as  flattened  disks  lying  at  the  base  of  the  cells.  The  nuclei  are,  however, 
during  digestion  occasionally  found  to  be  spherical  in  form.  A  third 
kind  of  nucleus  was  also  found,  which  was  possibly  intermediate  between 
the  two  other  forms. 

Chapter  HI,  describes  the  mucous  membrane  at  the  point  of  transition 
between  the  stomach  and  intestine  :  after  giving  a  short  history  of  the 
subject,  it  is  shown  that  in  many  animals  Brunner's  glands  are  only  the 
continuation  of  the  proper  glands  of  the  stomach.  Fart  of  the  proper 
gland-tubes  break  tlurough  the  muscularis  mucosae,  and  then  the  glands 
are  situated  in  the  mucosa  and  submucosa;  finally  they  are  only  found 
in  the  submucosa. 

The  mucosa  at  the  point  of  transition  was  found  to  contain  lymphoid 
follicles  in  very  varying  amount,  the  mucosa  being  in  some  animals 
almost  free  from  them,  and  in  others  composed  in  a  great  measure 
of  lymphatic  tissue.  This  latter  condition  was  found  to  be  the  case  in 
dogs  which  were  kept  on  a  very  reduced  diet. 
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The  following  Papers  w:ere  read  :— 

I.  "  On  Formulae  of  Verification  in  the  Partition  of  Numbers.^' 
•  By  J.  W.  L.  Glaisheb^  M.A.,  F.R.S.    Received  December  18, 
1875. 

In  writing  down  all  the  partitions  of  a  number  it  is  convenient  to 
have  tests  which  will  verify  that  none  have  been  omitted ;  and  it  is  the 
main  object  of  this  paper  to  give  formula  which  are  available  for  this 
purpose. 

At  the  Edinburgh  Meeting  of  the  British  Association  (Beport  1871, 
Transactions  of  the  Sections,  p.  28),  Sylvester  communicated  the  elegant 
and  useful  test-formula 

I.  S(l  — a?+a?y— ajy«+  &c.)t:^0, 

where  in  any  partition  ^  denotes  the  number  of  I's  present,  y  the  number 
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of  2*8,  z  the  number  of  d's,  and  the  2  extends  to  all  the  partitionB  of  the 
giyen  number  n ;  so  that  21  sN,  the  total  number  of  the  partitions  of  n» 
A  single  formula  of  verification,  however,  is  rarely  suflBdent  to  afford  a 
perfect  test  of  accuracy,  as  the  effects  produced  by  certain  omissions  may 
cancel  one  another.  In  the  present  case,  for  example,  as  the  terms  are 
alternately  positive  and  negative,  if  the  omitted  partition  contained  oue 
1  and  no  2  it  would  appear  as  1  in  the  first  term  and  as  1  in  the  second 
term,  and  its  omission  would  thus  not  be  pointed  out.  Having  had 
occasion  several  times  to  employ  Sylvester's  equation  I.,  and  having 
found  the  need  of  some  additional  formula  to  be  used  in  connexion  with 
it,  1  was  led  to  seek  for  identities  which  would  afford  similar  venfica-* 
tions.  It  seemed  natural  first  to  investigate  what  I.  became  when  all 
the  signs  were  positive. 
Starting  from  the  identity 

and  dividing  throughont  bjl—t.  1—f ,  1— <' ...  we  have 

1  .  <  .  «' 


(l_t)«l-<'.l-*'...'*"(l-0'(l-O'l-«'- 


1-t.l-e.l-f  . 

+&C. 

l+M  +  t'.l+f... 
'^l-t.l-f.l-^... 

=(l+2<+2t»+&c.)  (l+2<'+2t*+&c.)  (l+2t»+2f+&c.) . . . ; 
whence,  equating  the  coefficients  of  f, 

where  r  is  the  number  of  different  elements  contained  in  a  partition. 
Take  as  an  example  n^O ;  the  partitions  are : — 

9   8+1   7+1+1   6+1+1+1  5+1+1+1+1 

7+2    6+2+1    5+2+1+1  4+2+1+1+1 

4+3+1+1  3+3+1+1+1 

4+2+2+1  3+2+2+1+1 

3+3+2+1  2+2+2+2+1 
3+2+2+2 


6+3 
6+4 


5+3+1 
5+2+2 
4+4+1 
4+3+2 
3+3+3 

4+1+1+1+1+1 
3+2+1+1+i+l 
2+2+2+1+1+1 


8+1+1+1+1+1+1 
2+2+1+1+1+1+1 
2+1+1+1+1+1+1+1 

1+1+1+1+1+1+1+1+1 

Here  N  (the  .number  of  piuiitions)  =30,  2«  (the  number  of  I's)  =67, 
2j^  =  47,  and  IxyzsslO.    Also  the  number  of  partitions  involving  only 
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one  element  bS,  the  number  involying  tw^o  elements  =17,  and  the 
number  inyolving  three  3=10;  and  I.  and  II.  become 

30-67+47-10=0, 
30+67+47+10=3.2+17.2^10.2*. 
Combining  the  formul®  1.  and  11.,  we  have 

2(l+a:y+a?i/«M;+&c.)=2(^+^«+&c.)=i22'=22'-S 

where  22"'^  may  be  written  22  ,  s  denoting  the  number  of  changes  in  a 
partition.  The  two  formuhe  taken  together,  as  just  written,  form  of 
course  a  much  better  verification  than  either  singly. 

There  are  two  subsidiary  verifications  connected  with  I.  and  11.  which 
are  also  worth  attention.  Erom  Jacobi's  equation  ('  Pundamenta  Nova,' 
p.  185), 

we  see  that 

m.  2+2^-1=1, -1,  or  0, 

according  as  n  is  an  even  square,  an  uneven  square,  or  not  a  square. 
The  sign  +  is  to  be  taken  if  the  partition  contains  an  even  number  of 
terms,  and  the  sign  —  if  the  number  is  uneven. 
Also  from  the  same  identity  inverted,  viz,  from 

l+^.l+<M+t^..     1 

l-«.  l-<".  l-«'. .  ."■l-2t+2t*-2<*+2<"-&c., 

we  see  that 
IV.  22'=(-)-(E-.B'), 

where  E=the  number  of  representations  of  n  as  the  sum  of  an  even 
number  of  squares,  and  E'  the  number  of  representations  as  an  uneven 
number  of  squares. 

In  the  case  of  nasO,  of  the  three  partitions  involving  only  one  element, 
all  consist  of  an  uneven  number  of  terms ;  of  the  seventeen  partitions 
involving  two  elements,  in  nine  the  number  of  terms  is  even,  and  in  eight 
uneven ;  and  of  the  ten  partitions  involving  three  elements,  in  five  the 
number  is  even  and  in  five  uneven ;  so  that  since  9  is  an  uneven  square, 
in.  gives 

i(-3. 2+9. 2-^8. 2«+5.2«-5.2>)=-l. 

The  partitions  of  9  into  squares  are  four  in  number,  viz.  9,  4+4+1, 
4+1+1  +  1  +  1+1,  1+1+1+1+1+1+1+1+1;  and  these  give  rise 
respectively  to  2, 3 . 2',  6 . 2«,  2*  representations ;  so  that  substituting  in  IV. 

30  +  67+47+10=(-)*  (384-2-24-612). 

'    The  following  are  also  formulae  of  verification  :— 
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V.  2(07— 2.ry + S^T/r— &c.)= i^», 

where  ^n  denotes,  as  also  in  YI.  and  YII.,  the  number  of  divisors  of  v^ 
unity  and  n  included.  This  formula  does  not  verify  the  value  of  N, 
but  it  verifies  2a?,  22^,  <Sbc. ;  for  ns:9,  >^ns33 ;  and  it  gives 

67-2.47+3. 10«3. 

VI.  2(l-2y+3y«-4yaw+&c.)=iP(n+l)-i^. 

For  n=9(2y,  the  total  number  of  2's)  =26,  2^2=9,  2i/zu;s=l,  and 
30-2.26+3.9-4.1=4-3. 

Vn.         2(l-2[yl+3[>],-4[yw],+&c.)=iK«+2)-^l, 

where  [  \  denotes  that  the  enclosed  quantity  is  zero  for  every  partition 
which  does  not  contain  at  least  r  I's. 
For  n«9,  2[>],=19,  2(>5i«3,  and 

30-2. 19+3. 3=2-,.l. 

Vin.  N-l=a2(a?-l— a?-2.y+a?-3.y2-&c.), 

where,  as  throughout,  the  point  is  written  in  place  of  brackets  (ex.  gr. 
07— 2. y  stands  for  (or— 2)y),  and  a  negative  factor  is  to  be  treated  as 
zero. 

For  n«9,  2(a?-l)=45,  2(ar— 2.y)=17,  2(a?-3.y2)«l,  and 

30-l«45-17+l. 

IX.  N.-n«2({^-3},+  {ar-5},+{a?-7K+&c.), 

where  {  },  denotes  that  the  enclosed  quantity  is  zero  for  every  partition 
in  which  an  element  >r  appears. 

Forn=9,2{ar-3}3=2  +  4+6=12,2{a?-5},=l+2+4=7,2{a— 7}, 
s=s  2 ;  and  the  formula  gives 

30-9=12+7+2. 

X.  N-n=2({a?-l.y},+  {a?-3.yz},+{a?-6.yzw},+&c., 

where  {  }r  has  the  same  meaning  as  in  IX.,  and  1,  3,  6 ....  are  the  tri- 
angular numbers. 

Por  nss9,  the  formula  gives 

30-9«20+l. 

XI.  If  nbe  uneven,  2(l-[a?+l]'-[a?+l  .y+1 .2+l]>-&c.)=0; 

and  if  n  be  even,  2(1  -[l]*-[a7+l . y+1  J-[a?+l . . .  u;+l]*-&c.)=0, 

where  ss  =  the  number  of  2's,  y  «  the  number  of  4's  &c.  in  any  parti- 
tion, and  [  ]'  denotes  that  the  enclosed  quantity  is  equal  to  zero  unless 
the  partition  contains  exactly  r  ones,  &nd  no  other  uneven  element. 
Thus  2[1]®  is  equal  to  the  number  of  partitions  formed  wholly  of  even 
elements.    (»r,  y,  2 . . .  may,  of  course,  have  zero  values.) 
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For  n=9,  the  first  formula  gives 

30-12-10-.6-2--l«0. 

where  Sj  refers  only  to  partitioiis  in  which  all  the  elements  are  imeTeDi 
V  denotes  the  number  of  partitions  of  n  into  uneven  elements  (so  that 
Sj  1=»');  and,  for  example,  P^'JjS  denotes  the  number  of  partitions  of  » 
into  the  elements  2, 4,  6, 1, 3, 6,  7 ... .  (2,  4,  6  being  the  only  admissible 
even  elements,  but  all  uneven  elements  being  admissible),  and  in  which 
1,  3,  5  must  each  occur  at  least  once;  so  that  in  the  partitionB  all  the 
uneven  numbers  and  the  (even)  suffixes  may  appear,  and  the  (uneven) 
exponents  must  all  appear.    (Thus  we  might  have  written  ^^^^^ftcfor 

For  »=9,  we  have 

30=8+14+7+1, 

G^ie  notation  being  as  in  Xn., 

Xm.  0=y-Pj+Pj;J-Pj;JJ+&c. 

Forn=9,  0=8-14+7-1. 

CJombining  XIE.  with  XIII.,  we  have 

.+Pj;;+Pj;J;5J+&c.=Pj+Pj;fJ+&c,=js2^. 

XIV.  P-P+P^'^-P^^'H&c.^l  or  0, 

according  as  n  is  or  is  not  a  triangular  number. 

Here  the  notation  is  practically  the  same  as  in  XII.  and  XHL ;  P  de- 
notes the  number  of  partitions  into  uneven  elements,  P  the  number  of 
partitions  into  the  elements  2, 1,  3,  5  . . .,  in  which  2  must  appear,  P^^ 
into  the  elements  2,  4, 1,  3,  5  . . .,  in  which  2  and  4  must  both  appear, 
and  so  on. 

For  ns=9,  the  formula  gives 

8-11+3=0. 

The  formula  V.  to  XTV*.,  which  have  just  been  written  down,  are  merely 
translations  into  analytical  language  of  the  identities : — 

(V.)  r:i+ir?+r:?+^-"(i_()M_V. !_«.... 

2f  St* 

(^•)  (7-0(i^«+l^+^)=i-e.l-^.l-«»... 
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(^)  ir?+rb+i^+^-°i-f.iJ.i-<'... 

-l_t.(l_(»)M_««...+l_t.(l_«»)Xl-f)"...~ 

11  ^ 

(vm.)  rr-n-t.i-«M-f..  ~(i-<)M-«'.i-<'... 

+(i_<)»(i-«*yi- <»..."**'• 
1 1   .    ^  t* 

(^•)  l-t. 1-^.1-^ . . .~l-t"^(l-0''^(l-OM-«* 

1  <  *• 

(^•)  i-<.l-«».l-t*..."^'''"(T^'''(i-«)Xi-0" 

+(1  _  t)\l  -  «*)'(!  -  (»)>+*<^ 

1 1 

(^^)  l_«.l-<'.l-<*...°°l-<".l-«M-«'... 

+(!-«»)». l-^.l-e*..."'"(l-OXl-<*)'-l-<'---"'"*^* 

(^^•)  l-t.l-<M-t*..."'l-«.l-«M-<'... 

+(l_<»).l-t.l-t*...^(l-<^Xl-'0-l-<--- 

1  t 

(xnL)       1      =i-<. !-.«*. i-t^.-ra-^).!-*.!-**-., 

(XIV.)  l+<+^+<Ht-H&c.  =  .^^^^_^^,^   ^^ 

/ tl^ «   . 

all  of  wluch  can  be  deduced  without  difficulty  from  the  identities, 
(a)  l+<t*.l+<"t*.l  +  <'u.,.  =  l+^— ^+j3j-^f^^ 

+i-<.i-«'.i-^+^- 

1 ft*  <v 


l-<.l-^.l-«''*'^- 
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,  >.    1 1    .J u  i' 

l-.tu.l-<='tt'^l-<.l-<*.l-<''l-<u.l-fu.l-<»u'*"*^ 

of  which  (a)  and  (0)  are  Euler's  well  known  formul®,  and  (y)  and  (J) 
are  giyen  by  Jacobi  (*  Fundamenta  Nova,'  pp.  180, 185). 

Of  the  fourteen  verification  formulsd  the  first  two  are  generally  most 
convenient ;  and,  taken  in  connexion  with  m.  and  IV.,  the  four  equations 
form  an  interesting  system  of  mutually  related  verifications.  All  the 
formulas  can  be  used  with  great  facility  after  a  little  practice,  but  some 
are  evidently  far  preferable  to  others.  Nos.  IL,  m.  and  IV.  were  com- 
municated to  the  Bristol  Meeting  of  the  British  Association  (1875). 

The  following  formulae,  XV.  to  XX.,  involve  the  consideration  of  the 
partitions  of  a  number  in  which  repetitions  are  excluded.  If  by  Q  (a,  6, 
c  . . .)  n  be  denoted  the  number  of  partitions  without  repetitions  of  n 
into  the  elements  a,  5,  c . . .,  and  by  P  (a,  5,  c . . .)  ti  the  number  of  par- 
titions into  the  scune  elements  with  repetitions,  then,  from  the  identity 

which  is  derivable  at  once  from  (a),  we  have 
XV.  2Q(1,2,3...)H=1+P^(l,2)n+P»'«(l,2,3)n+P'.^»(l,2,3,4)n 

where  P'''*''(l,  2  . . .  r+  l)n  denotes  the  number  of  partitions  of  n  into 
the  elements  1, 2  ...  r+ 1,  in  which  all  except  the  highest  must  appear 
at  least  once. 

For  n=9,  Q(l,  2, 3  . .  .)n=:8,  and  the  formula  gives 

2.8=1+6+7+3. 
From  the  identity 

1 


i+t.i+e.i+tr 

we  have 


=l-.<.l-<M-(» 


XVL  P«^«'»n-P'»^«»n  =  (-)»Q(1, 3, 5  . .  .)is 

where  P®™w  denotes  the  number  of  partitions  of  n  that  contwn  an  even 
number  of  terms,  and  P  ™»^»n  the  number  that  contain  an  uneven  number. 
If  n  be  even,  all  the  partitions  in  Q(l,  3,  5  . .  .)n  are  included  in  P*^**n ; 
and  if  n  be  uneven,  all  are  included  in  P''~^»  •  so  that  we  have  the 
theorem  that  if  all  the  partitions  of  n  into  uneven  elements  without 
repetitions  be  left  out  of  consideration,  then  of  the  rest  the  number  of 
partitions  in  which  the  number  of  terms  is  even  is  equal  to  the  number 
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of  partitions  in  which  the  number  of  terms  is  uneven.     For  the  case 
n=s9,  the  partitions  which  contain  only  uneven  elements  without  repe- 
titions are  two  in  number,  viz.  9  and  1+34-6 ;  and  of  the  rest,  fourteen 
consist  of  an  even,  and  fourteen  of  an  uneven  number  of  terms. 
We  have,  as  above, 

Wi^mJ.i-^...-^+^'^+"'^+^'- 

=i-f<+«»(i+o+*'(i+oa+o 
+<*(i+oa+oa+<o+<fcc.; 

.=i+tHi+^»(i+t)+t^(i+oa+o+&c., 


whence 


and  wa  obtain 

XVII.  P(3, 6, 7  . .  .)n=number  of  partitions  without  repetitions  into 
the  elements  1, 2, 3  . . .,  in  which  the  two  greatest  parts  are  consecutive 
(».  e.  differ  by  unity). 

And  also,  by  multiplying  (e)  by  1  —  *,  we  find  that  each  side  of  XVII. 
=sQ(3, 6,  6,  7, 9  . .  .)n ;  so  that  it  all  the  partitions  without  repetitions 
of  a  number  n  be  written  down,  then 

XVIJJL.  the  number  of  partitions  not  involving  1, 2^  4, 8, 16  ...  ss  the 
number  of  partitions  in  which  the  two  greatest  parts  are  consecutive. 

In  the  case  of  »=9,  XVII.  gives  2=2;  and  XVIIT.  of  course  also 
gives  2=s2,  there  being  only  two  partitions  without  repetitions  in  which 
1,  2  . . .  are  not  involved,  viz.  9  and  6+3,  and  two  in  which  the  two 
greatest  parts  are  consecutive,  viz.  4+3+2  and  6+4. 

Euler's  identity, 

l-.<.l-<'.l-<'...=l-<-<"+t»+f-<"-&c. 
(where  the  exponents  are  the  pentagonal  numbers),  gives  the  theorem  that 

XIX.  Q«^*"n-Q^*'™n=(-1)"  or  0, 

according  as  »  is  or  is  not  of  the  form  i(3m^±m).  Thus  we  see  that, 
considering  only  partitions  without  repetitions,  the  number  of  the  parti- 
tions of  a  non-pentagonal  number  into  an  even  number  of  parts  is  always 
equal  to  the  number  of  its  partitions  into  an  uneven  number;  and  that 
if  the  number  be  pentagonal  the  numbers  of  even  and  uneven  partition- 
ments  differ  only  by  unity.  If  n=9,  Q*^*''n«Q™«™nr=4. 
We  deduce  from  (8)  that 

l+t.l+t».l+t»...{l-<M-<•.l-<*^..}«l+<+t«+^+<'«+&c.; 
and  by  Euler's  identity,  just  quoted,  the  quantity  in  {  } 

«l_<*«t-+t^+<»»-<"-A«.; 
whence 

XX,  Q(l,  3, 6  . .  .)n-Q(l,  3, 6  . .  .Xn-4)-Q(l,  3, 6  . .  -Xn-S) 

+  0(1, 3, 6  •  •  .)(n-20)+&c.« J  or  0, 
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according  as  n  is  or  is  not  a  triangular  number.  The  general  term  on 
the  left-hand  side  is  <-)-Q(l,  3, 5  . .  .X^-6m'±2m).  For  n=9,  the 
formula  giyes 

2-1-1  =  0. 

There  is  a  proposition  of  Euler's  which  follows  immediately  from  (e), 
yiz.  that  the  number  of  partitions  of  a  number  into  the  uneven  elements 
1, 3, 5  ...  is  equal  to  the  number  of  partitions  without  repetitions  into  the 
elements  1, 2, 3  . . .,  or,  in  the  notation  abeadj  used,  that  P(l,  3, 5  . . .)» 
BsQ(l,  2, 3  . .  .)n.  It  is  natural  to  suppose  that  this  striking  theorem 
should  admit  of  a  simple  demonstration  bj  conyerting  the  partitions  of 
the  one  system  into  those  of  the  other  according  to  some  rule,  sndi  as 
in  Mr.  Ferrers's  method  of  showing  the  identity  of  the  numbers  of  paiti- 
tionments  into  the  elements  1, 2, 3  . .  .m,  and  into  parts  not  exceeding 
m  in  number  (Phil.  Mag.  S.  4.  yol.  y.  p.  201,  1853).  The  conyersion, 
though  not  so  simple  as  that  just  referred  to,  is  neyertheless  el^ant  and 
elementary ;  it  in  effect  consists  of  a  transformation  into  the  binary  scale. 
Thus  consider  a  partition  into  uneyen  numbers  containing  a  I'a,  p 
3's,  y  5's,  &c.  This  is  transformable  at  once  into  1 .  a+3  •/3+5.> 
+&C.  Now  express  a,  j3,  y  ...  in  the  binary  scale  so  that  a=2*+2^+ 
Ac.,  /3=:2*  +  2*'  +  &c.,  7  =  2*' +  2*^  + Ac.,  then  the  partition  becomes 
1(2^+ &c.) +3(2*+ Ac.) +5(2*+ Ac.)  +  Ac.,  yiz.  becomes  2'+2^+4o. 
+3 .  2*+3 .  2*'+ Ac.+5 .  2^+5 .  2^+ Ac.,  in  which  no  two  parts  are  idm- 
tical,  since  a  number  can  be  expressed  in  only  one  way  in  the  form  2*A, 
A  being  uneyen. 

To  illustrate  this  take  Euler's  example  of  n=slO ;  the  partitioDa  into 
uneyen  elements  are 

(i)  9+1,  (yi)  6+3+1+1, 

(ii)  7+3,  (yii)  3+3+3+1, 

(iii)  7+1+1  +  1,  (yiii)  3+3+1  +  1+1+1, 
(iy)  5+5,  (ix)  3+1+1+1+1+1+1  +  1, 

(y)  5+1  +  1+1  +  1  +  1,    (x)  1+1  +  1  +  1+1+1  +  1+1  +  1  +  1. 

By  the  conyersion  (i)  and  (ii)  remain  unaltered;  (iii)  =^7+1.3=7 
+  l(2+l)=7+2+l;  (iy)  =5.2=10;  (y)  =5+1.5=5+1(2^+1' 
=5+4+1;  (yi)  =5+3+1.2=5+3+2;  (vii)  =3.3+1=3(2+1* 
+  1=6+3+1;  (yiii)  =3.2+1.4  =  6+4;  (Lt)  =3  +  1.7  =  3+1(± 
+2+l)  =  3+4+2+l;  (x)  =1  .  10=l(2'+2)=8+2;  thus  giving  th- 
partitions  without  repetitions,  yiz. 


9+1. 

5+3+2, 

7+3, 

6+3+1, 

7+2+1, 

6+4, 

10. 

3+4+2+1, 

6+4+1. 

8+2. 
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To  reverse  the  process  it  is  only  necessary  to  remark  that  every  number 
is  either  uneven,  or  twice  an  uneven  number,  or  four  times  an  uneven 
number,  or  eight  times  an  uneven  number,  &c.,  so  that  every  sum  of  dif- 
ferent elements  can  be  uniquely  reduced  to  the  form  1  +3 .  a+5 .  j3+ Ac. 
(The  practical  reduction  is  very  easy,  ex.  gr.  14+12+6+3+2  converts 
into7+7+3+3+3+3+6+3+l+l.)  A  little  consideration  shows  that 
no  two  different  partitions  of  one  system  can  convert  into  the  same  par- 
■  tition  of  the  other,  so  that  every  partition  of  either  system  corresponds 
uniquely  to  a  partition  of  the  other ;  and  the  numbers  of  partitions  in  the 
two  systems  are  thus  equal.  Several  conversions  of  P(l,  3, 6  . .  .)n  are 
given  in  the  Phil.  Mag.  for  April  1876  (S.  4.  vol.  xlix.  pp.  307-^11); 
but  when  writing  that  note  1  failed  to  obtain  the  connexion  between 
the  partitions  into  1,  3,  6  . . .  with  repetitions  and  the  partitions  into 
1,  2,  3  ...  without  repetitions. 

f 

U.  ''  On  the  Development  and  Saccession  of  the  Poison-fangs  of 
Snakes.'^  By  Charles  S.  Tomes^  M.A.  Communicated  by 
John  Tomes,  P.R.S.    Received  December  28,  1875. 

(Abstract.) 

At  the  conclusion  of  a  paper  upon  the  development  of  the  teeth  of 
Ophidia,  published  in  the  first  pa^  of  the  Philosophical  Transactions 
for  1876,  I  noted  that  there  were  peculiarities,  which  I  had  not  then 
been  able  to  understand,  in  the  succession  and  the  development  of  the 
poison-fangs.  Having  reviewed  the  literature  of  the  subject  in  that  and 
in  a  precediDg  paper  on  the  development  of  Amphibian  teeth,  1  will  pass 
at  once  to  the  description  of  the  special  features  which  distinguish  the 
development  of  poison-fangs.  Poisonous  snakes  are  divided  into  two 
groups — those  which  have  a  shortened  movable  maxillary  bone,  which 
carries  the  poison-fang  and  another  tooth ;  and  those  which  have  the 
maxillary  bone  longer,  immovable,  and  often  carrying  other  teeth  behind 
the  poison-&ng. 

In  the  former,  or  viperine  poisonous  snakes,  the  poison-fang  is  very 
long,  and,  when  out  of  use,  lies  recumbent ;  in  the  latter,  or  colubrine 
poisonous  snakes,  it  is,  from  the  maxillary  bone  being  fixed,  constantly 
erect  (Qiinther^s  •  Reptiles  of  British  India,'  p.  165). 

As  fresh  specimens  are  indispensable  for  a  complete  investigation  of 
developmental  peculiarities,  I  have  only  been  able  to  examine  one  of  the 
colubrine  group,  viz.  the  Indian  cobra. 

Of  it  one  may  say,  roughly  speaking,  that  the  poison-&ngs  are  deve- 
loped just  like  any  other  Ophidian  teeth,  for  a  description  of  which  I  must 
refer  to  my  former  paper,  save  only  that  the  tooth-germs  are  necessarily 
individuaUy  modified  so  as  to  produce  the  characteristic  canaliculated 
poison-tooth. 
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But  in  all  the  Tiperine  poisonous  snakes  which  I  haye  examined  a 
strikingly  different  arrangement  is  displayed.  Upon  the  movable  maxil- 
lary bone  there  is  room  for  two  poison-fangs,  side  by  side ;  and  in  a 
macerated  skull  the  tooth  in  use  occupies  an  extreme  position,  sometimes 
on  one  side,  sometimes  on  the  other.  In  sections  displaying  all  the  soft 
part  in  situ,  the  remaining  space  is  generally  occnpied  by  a  tooth  which  is 
in  process  of  becoming  attached ;  and,  in  whatever  part  of  the  area  of  tooth* 
development  the  section  be  t-aken,  the  successional  teeth  are  arranged  in 
pairs,  in  two  parallel  series.  Thus  there  will  be  a  right-hand  series,  con« 
sisting  of  the  tooth  in  place  and  of  four  successors,  and  a  left-hand  series, 
consisting  of  the  tooth  next  about  to  be  in  place  and  four  successors. 

When  a  tooth  of  the  right-hand  series  has  finished  its  period  of  work 
and  is  about  to  be  shed,  it  is  succeeded  by  a  tooth  of  the  left-hand  series, 
which  comes  up  by  its  side,  and  vice  versd^  A  septum  of  conneetive 
tissue  separates  the  two  parallel  series,  and  is  continued  out  into  the 
pouch,  which  conceals  the  poison-fangs  when  at  rest,  as  a  free  hanging 
fold :  its  use  appears  to  be  to  keep  the  long  axis  of  the  tooth  in  the  right 
direction  prior  to  its  becoming  firmly  attached,  and  to  prevent  a  right- 
hand  tooth  from  getting  into  the  place  of  one  of  the  left-hand  series,  and 
vice  versd. 

It  is  obvious  that  this  manner  of  succession  is  well  adapted  to  avoid 
loss  of  time  in  the  changing  of  the  poison-fangs,  for  much  can  be  done 
towards  the  fixation  of  a  new  tooth  before  the  old  one  is  detached.  That 
the  succession  is  both  rapid  and  regular  would  appear  to  be  indicated  by 
the  fact  that  the  successional  tooth-sacs  are  very  numerous  (often  as  many 
as  ten),  and  that  they  are  arranged  in  pairs,  the  two  being  almost  abso- 
lutely alike  in  size  and  stage  of  development.  Kow  as  any  given  tooth 
of  the  one  series  is  succeeded  or  preceded  by  its  fellow  in  the  other 
series,  one  might  expect,  if  any  ^eat  interval  of  time  were  to  elapse,  that 
the  one  would  be  materially  more  advanced  than  the  other.  When  such 
is  not  the  case,  one  is  led  to  the  inference  that  the  succession  is  rapid  and 
also  regular. 

In  the  cobra,  the  new  tooth  has  to  come  into  place  and  become  attached 
after  the  loss  of  the  old  one ;  and  this,  it  may  be  inferred,  would  take 
much  more  time.  May  this  not  be  the  explanation  of  the  feat  performed 
by  Indian  jugglers  with  the  cobra,  and  their  selection  of  this  snake  for 
such  purposes  ?  A  cobra  disarmed  would  remain  harmless  for  some 
considerable  period ;  a  rattlesnake  similarly  treated  would  be  furnished 
with  a  new  weapon  very  speedily. 

I  have  examined  specimens  in  spirit  of  a  few  other  colubrine  snakes ; 
and  although  such  examination  is  less  satisfactory  than  the  methods 
which  may  be  pursued  with  fresh  specimens,  I  believe  it  will  be  found  to 
hold  good  that  in  tho^  snakes  which  have  a  movable  maxilla  carrying 
but  one  tooth,  the  successional  teeth  are  developed  in  two  parallel  series, 
this  being  the  highest  specialization  of  the  poison-apparatus. 
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On  the  other  hand,  in  the  colabrine  poisonooa  snakes,  approximating 
more  nearly  to  the  harmless  snakes  in  having  a  fixed  maxilla,  sometimes 
carrying  other  teeth  in  addition  to  the  poison-fang,  the  successional 
poison-fangs  are  deyeloped  in  a  single  series,  like  any  other  Ophidian 
teeth. 

The  deyelopment  of  the  indiyidual  tooth-germ  presents  one  feature  of 
very  great  interest.  A  poison-fang  tooth-germ  is  first  formed,  like  any 
other,  of  an  extinguisher-shaped  enamel-organ  (derived  from  an  ingrowth 
of  epithelium,  which  winds  in  and  out  amongst  the  tooth-sacs)  and  of  a 
simple  conical  dentine-pulp.  » 

As  it  elongates,  a  groove  appears  on  one  side,  which,  by  deepening  and 
by  the  approximation  of  its  lips,  becomes  ultimately  converted  into  the 
poison-canal.  The  enamel-organ,  with  its  characteristic  enamel-cells, 
passes  without  break  or  alteration  into  this  groove;  but  still  lower  down 
is  the  tooth-germ,  where  the  groove  has  become  very  deep;  instead  of  the 
prismatic  enamel-cells  constituting  a  regular  pavement  epithelium,  we 
have  a  reticulum  of  stellate  cells,  just  like  that  gelatinous  stellate  tissue 
which  forms  so  large  a  part  of  a  mammalian  enamel-organ.  That  the 
stellate  reticulum  is  a  non-essential  structure  I  have  previously  shown ; 
but  the  occurrence  of  such  a  tissue  within  the  poison-canal,  which  it 
wholly  occupies,  and  in  which  it  represents  the  prismatic  enamel-cells 
found  higher  up,  strongly  suggests  the  idea  that  it  is  a  sort  of  retrograde 
metamorphosis  of  an  active  enamel-forming  tissue  into  one  which  simply 
fills  up  a  void. 

It  need  hardly  be  added  that  a  thin  layer  of  enamel  is  developed  upon 
the  outside  of  the  pobon-fang ;  but  none  is  formed  on  the  interior  of 
the  poison-canal. 

The  base  of  a  poison-fang  is  fluted  (this  is  not  the  case  with  other 
Ophidian  teeth),  the  dentine  being  convoluted  as  it  is  in  the  base  of  the 
tooth  of  Varanus  or  in  a  labyrinthodont  tooth ;  and  it  is  attached  to  the 
bone  through  the  medium  of  an  opaque,  ill-defined,  calcified  material, 
beyond  which  again  comes  a  coarse  bone.  The  fixation  of  a  tooth  is 
effected  (alike  in  cobra  and  in  viperine  snakes)  by  a  sort  of  scaffolding 
of  coarse-textured  bone,  which  is  very  rapidly  thrown  out  from  the 
surface  of  its  finer  textural  maxillary  bone.  This  '*  bone  of  attachment," 
met  with,  as  I  have  elsewhere  pointed  out,  in  greater  or  less  quantity 
wherever  teeth  are  attached  by  ankylosis,  is  entirely  removed  with  the 
fall  of  a  tooth,  and  is  developed  afresh  for  its  successor. 
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III,  ''  On  an  Integrating  Machine  having  a  New  Kinematic  Prin- 
ciple/^ By  Professor  Jambs  Thomson,  LL.D.,  F.R.S.E, 
Communicated  by  Prof.  Sir  William  Thomson,  F.R.S. 
Received  January  31,  1876. 

The  kinematic  principle  for  integrating  ydx,  which  is  used  in  the 
instruments  well  known  as  Morin's  Dynamometer*  and  Bang's  Plani- 
meter  t,  admirable  as  it  is  in  many  respects,  involves  one  element  of 
imperfection  which  cannot  but  prevent  our  contemplating  it  with  full 
satisfaction.  This  imperfection  consists  in  the  sliding  action  which  the 
edge  wheel  or  roller  is  required  to  take  in  conjunction  with  its  rolling 
action,  which  alone  is  desirable  for  exact  communication  of  motion  from 
the  disk  or  cone  to  the  edge  roller. 

The  very  ingenious,  simple,  and  practically  useful  instrument  well 
known  as  Amsler's  Polar  Planimeter,  although  different  in  its  main 
features  of  principle  and  mode  of  action  from  the  instruments  just 
referred  to,  ranks  along  with  them  in  involving  the  like  imperfection  of 
requiring  to  have  a  sidewise  sliding  action  of  its  edge  rolling  wheel, 
besides  the  desirable  rolling  action  on  the  surface  which  imparts  to  it 
its  revolving  motion — ^a  surface  which  in  this  case  is  not  a  disk  or  cone, 
but  is  the  surface  of  the  paper,  or  any  other  plane  face,  on  which  the 
map  or  other  plane  diagram  to  be  evaluated  in  area  is  drawn. 

Professor  J.  Clerk  Maxwell,  having  seen  Bang's  Planimeter  in  the 
Qreat  Exhibition  of  1851,  and  having  become  convinced  that  the  com- 
bination of  slipping  and  rolling  was  a  drawback  on  the  perfection  of  the 
instrument,  began  to  search  for  some  arrangement  by  which  the  motion 
should  be  that  of  perfect,  rolling  in  every  action  of.  the  instrument,  cor- 
responding to  that  of  combined  slipping  and  rolling  in  previous  instru- 
ments. He  succeeded  in  devising  a  new  form  of  planimeter  or  inte- 
grating machine  with  a  quite  new  and  very  beautiful  principle  of  kine- 
matic action  depending  on  the  mutual  rolling  of  two  equal  spheres,  each 
on  the  other.  He  described  this  in  a  paper  submitted  to  the  Boyal 
Scottish  Society  of  Arts  in  January  1855,  which  is  published  in  vol.  iv. 
of  the  Transactions  of  that  Society.    In  that  paper  he  also  offered  a 

*  Instrumetits  of  this  kind,  and  any  othera  for  meaauring  mechanical  work,  may 
better  in  future  be  called  Ergometere  than  Dynamometers.  The  name.  *'  dynamometer  " 
has  been  and  continues  to  be  in  common  use  for  signifying  a  spring  instrument  for  mea- 
suring force;  but  an  instrument  for  measuring  work,  being  distinct  in  its  nature  and 
object,  ought  to  have  a  different  and  more  suitable  designation.  The  name  "  dyna- 
mometer," besides,  appears  to  be  badly  formed  from  the  Greek,  and  for  designating  an 
instrument  for  measurement  of  force,  I  would  suggest  that  the  name  may  with  adran- 
tage  be  changed  to  dynamimeter.  In  respect  to  the  mode  of  forming  words  in  such 
cases,  reference  may  be  made  to  Curtius's  Grammar,  Dr.  Smith's  English  edition,  §  354, 
p.  220.-J.  T.,  26th  February,  1876. 

t  Sang's  Planimeter  is  very  clearly  described  and  figured  in  a  paper  by  its  inventor, 
in  the  Transactions  of  the  Royal  Scottish  Society  of  Arts,  vol.  iy.  January  12,  1852. 
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Buggeation,  which  appears  to  be  both  interesting  and  important,  pro- 
posing the  attainment  of  the  desired  conditions  of  action  by  the  mutual 
rolling  of  a  cone  and  cylinder  with  their  axes  at  right  angles. 

The  idea  of  using  pure  rolling  instead  of  combined  rolling  and  slipping 
was  communicated  to  me  by  Prof.  Maxwell,  when  I  had  the  pleasure  of 
learning  from  himself  some  particulars  as  to  the  nature  of  his  contri- 
yance.  Afterwards  (some  time  between  the  years  1861  and  1864),  while 
endeayouring  to  contrive  means  for  the  attaioment  in  meteorological 
observatories  of  certain  integrations  in  respect  to  the  motions  of  the 
wind,  and  also  in  endeavouring  to  devise  a  planimeter  more  satisfactory 
in  principle  than  either  Sang's  or  Amsler's  planimeter  (even  though,  on 
grounds  of  practical  simplicity  and  convenience,  unlikely  to  turn  out 
preferable  to  Amsler's  in  ordinary  cases  of  taking  areas  from  maps  or 
other  diagrams,  but  something  that  I  hoped  might  possibly  be  attain- 
able which,  while  having  the  merit  of  working  by  pure  rolling  contact, 
might  be  simpler  than  the  instrument  of  Prof.  Maxwell  and  preferable 
to  it  in  mechanism),  I  succeeded  in  devising  for  the  desired  object  a  new 
kinematic  method,  which  has  ever  since  appeared  to  me  likely  sometime 
to  prove  valuable  when  occasion  for  its  employment  might  be  found. 
Now,  within  the  last  few  days,  this  principle,  on  being  suggested  to  my 
brother  as  perhaps  capable  of  being  usefully  employed  towards  the  deve- 
lopment of  tide-calculating  machines  which  he  had  been  devising,  has 
been  found  by  him  to  be  capable  of  being  introduced  and  combined  in 
several  ways  to  produce  important  results.  On  his  advice,  therefore,  I 
now  ofEer  to  the  Boyal  Society  a  brief  description  of  the  new  principle 
as  devised  by  me. 

The  new  principle  consists  primarily  in  the  transmission  of  motion 
from  a  disk  or  cone  to  a  cylinder  by  the  intervention  of  a  loose  ball, 
which  presses  by  its  gravity  on  the  disk  and  cylinder,  or  on  the  cone  and 
cylinder,  as  the  case  may  be,  the  pressure  being  sufficient  to  give  the 
necessary  frictional  coherence  at  each  point  of  rolling  contact ;  and  the 
axis  of  the  disk  or  cone  and  that  of  the  cylinder  being  both  held  fixed 
in  position  by  bearings  in  stationary  framework,  and  the  arrangement  of 
these  axes  being  such  that  when  the  disk  or  the  cone  and  the  cylinder 
are  kept  steady,  or,  in  other  words,  without  rotation  on  their  axes,  the 
ball  can  roll  along  them  in  contact  with  both,  so  that  the  point  of  rolling 
contact  between  the  ball  and  the  cylinder  shall  traverse  a  straight  line  on 
the  cylindric  surface  parallel  necessarily  to  the  axis  of  the  cylinder — and  so 
that,  in  the  case  of  a  disk  being  used,  the  point  of  rolling  contact  of  the  ball 
with  the  disk  shall  traverse  a  straight  line  passing  through  the  centre  of 
the  disk — or  that,  in  case  of  a  cone  being  used,  the  line  of  rolling  con- 
tact of  the  ball  on  the  cone  shall  traverse  a  straight  line  on  the  conical  sur^ 
face,  directed  necessarily  towards  the  vertex  of  the  cone.  It  will  thus 
readily  be  seen  that,  whether  the  cylinder  and  the  disk  or  cone  be  at  rest  or 
revolving  on  their  axes,  the  two  lines  of  rolling  contact  of  the  ball,  one 
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on  the  cylindric  surface  and  the  other  on  the  disk  or  cone,  when  both 
considered  as  lines  traced  out  in  space  fixed  rektively  to  the  framing  of 
the  whole  instrument,  will  be  two  parallel  straight  lines,  and  that  the 
line  of  motion  of  the  ball's  centre  will  be  straight  and  parallel  to  them. 
Eor  facilitating  explanations,  the  motion  of  the  centre  of  the  ball  along 
its  path  parallel  to  the  axis  of  the  cylinder  may  be  called  the  ball's  longi- 
tudinal motion. 

Now  for  the  integration  of  yda :  the  distance  of  the  point  of  contact 
of  the  ball  with  the  disk  or  cone  from  the  centre  of  the  disk  or  vertex 
of  the  cone  in  the  ball's  longitudinal  motion  is  to  represent  y^  while 
the  angular  space  turned  by  the  disk  or  cone  from  any  initial  position 
represents  x ;  and  then  the  angular  space  turned  by  the  cylinder  will, 
when  multiplied  by  a  suitable  constant  numerical  coefficient,  express  the 
integral  in  terms  of  any  required  unit  for  its  evaluation. 

The  longitudinal  motion  may  be  imparted  to  the  ball  by  having  the 
framing  of  the  whole  instrument  so  placed  that  the  lines  of  longitudinal 
motion  of  the  two  points  of  contact  and  of  the  ball's  centre,  which  are 
three  straight  lines  mutually  parallel,  shall  be  inclined  to  the  horizontal 
sufficiently  to  make  the  ball  tend  decidedly  to  descend  along  the  line  of 
its  longitudinal  motion,  and  then  regulating  its  motion  by  an  abutting 
controller,  which  may  have  at  its  point  of  contact,  where  it  presses  on  the 
ball,  a  plane  face  perpendicular  to  the  line  of  the  ball's  motion.  Other- 
wise the  longitudinal  motion  may,  for  some  cases,  preferably  be  imparted 
to  the  ball  by  having  the  direction  of  that  motion  horizontal,  and  having 
two  controlling  flat  faces  acting  in  close  contact  without  tightness  at 
opposite  extremities  of  the  ball's  diameter,  which  at  any  moment  is  in 
the  line  of  the  ball's  motion  or  is  parallel  to  the  axis  of  the  cylinder. 

It  is  worthy  of  notice  that,  in  the  case  of  the  disk,  ball,  and  cylinder 
integrator,  no  theoretical  nor  important  practical  fault  in  the  action  of 
the  instrument  would  be  involved  in  any  deficiency  of  perfect  exactitude 
in  the  practical  accomplishment  of  the  desired  condition  that  the  line  of 
motion  of  the  ball's  point  of  contact  with  the  disk  should  pass  through 
the  centre  of  the  disk.  The  reason  of  this  wOl  be  ob\ious  enough  on  a 
little  consideration. 

The  plane  of  the  disk  may  suitably  be  placed  inclined  to  the  horizontal 
at  some  such  angle  as  45° ;  and  the  accompanying  sketch,  together  vdth 
the  model,  w^hich  will  be  submitted  to  the  Society  by  my  brother,  will 
aid  towards  the  clear  imderstanding  of  the  explanations  which  have  been 
given. 

My  brother  has  pointed  out  to  me  that  an  additional  operation,  impor- 
tant for  some  puri)Oses,  may  be  effected  bv^  arranging  that  the  machine 
shall  give  a  continuous  record  of  the  growth  of  the  iutopxiil  by  intro- 
ducing additional  mechanisms  suitable  for  continually  describing  a  curve 
such  that  for  each  point  of  it  the  abscissa  shall  ropn^sont  the  value  of 
.r,  and  the  ordinate  shall  represent  the  integral  attained   from  .^=0 
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forward  to  that  value  of  a?.  This,  he  has  pointed  out,  may  be  effected 
in  practice  by  having  a  cylinder  axised  on  the  axis  of  the  disk,  a  roll  of 
paper  covering  this  cylinder's  surface,  and  a  straight  bar  situated  parallel 
to  this  cylinder's  axis  and  resting  with  enough  of  pressure  on  the  surface 
of  the  primary  registering  or  th^  indicating  cylinder  (the  one,  namely, 


SIDE  ELEVATION. 


D,  the  Diflk. 

A,  the  Axle  of  the  Disk. 
C,  the  Cylinder. 

E  £,  the  Axle  or  the  Journals  of 
the  Cylinder. 

B,  the  Ball 


PLAN. 

which  is  actuated  by  its  contact  with  the  ball)  to  make  it  have  sufficient 
frictional  coherence  with  that  surface,  and  by  having  this  bar  made  to 
carry  a  pencil  or  other  tracing  point  which  will  mark  the  desired  curve  on 
the  secondary  registering  or  the  recording  cylinder.  As,  from  the  nature 
of  the  apparatus,  the  axis  of  the  disk  and  of  the  secondary  registering  or 
the  recording  cylinder  ought  to  be  steeply  inclined  to  the  horizontal,  and 
as,  therefore,  this  bar,  carrying  the  pencil,  would  have  the  line  of  its 
length  and  of  its  motion  alike  steeply  inclined  with  that  axis,  it  seems 
that,  to  carry  out  this  idea,  it  may  be  advisable  to  have  a  thread  attached 
to  the  bar  and  extending  off  in  the  line  of  the  bar  to  a  pulley,  passing 
over  the  pulley,  and  having  suspended  at  its  other  end  a  weight  which  will 
be  just  sufficient  to  counteract  the  tendency  of  the  rod,  in  virtue  of  gravity, 
to  glide  down  along  the  line  of  its  own  slope,  so  as  to  leave  it  perfectly 
free  to  be  moved  up  or  down  by  the  frictional  coherence  between  itself 
and  the  moving  sur&ce  of  the  indicating  cylinder  worked  directly  by  the 
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IV.  ''  On  an  Instroment  for  calculating  (Jf  (^)  +(^)dip),  the  Inte- 
gral of  the  Product  of  two  given  Pimctions/'  By  Prof.  Sir 
W.  Thomson,  LL.D.,  P.R.S.     Received  January  28, 1876. 

In  consequence  of  the  recent  meeting  of  the  British  Association  at 
Bristol,  I  resumed  an  attempt  to  find  au  instrument  which  should  super- 
sede the  heavy  arithmetical  labour  of  calculating  the  integrals  required 
to  analyze  a  function  into  its  simple  harmonic  constituents  according  to 
the  method  of  Fourier,  During  many  years  previously  it  had  appeared 
to  me  that  the  object  ought  to  be  accomplished  by  some  simple  mechanical 
means ;  but  it  was  not  until  recently  that  I  succeeded  in  devising  an 
instrument  approaching  sufficiently  to  simplicity  to  promise  practically 
useful  results.  Having  arrived  at  this  stage,  I  described  my  proposed 
machine  a  few  days  ago  to  my  brother  Professor  James  Thomson,  and  he 
described  to  me  in  return  a  kind  of  mechanical  integrator  which  had 
occurred  to  him  many  years  ago,  but  of  which  he  had  never  published  any 
description.  I  instantly  saw  that  it  gave  me  a  much  simpler  means  of 
attaining  my  special  object  than  any  thing  I  had  been  able  ty>  think  of 
previously.  An  account  of  his  integrator  is  communicated  to  the  Boyal 
Society  along  with  the  present  paper. 

To  calculate  J  f  (^)  \l^a:)dXy  the  rotating  disk  is  to  be  displaced  from  a 
zero  or  initial  position  through  an  angle  equal  to  ^'^(x)cLv,  while  the 
rolling  globe  is  moved  so  as  always  to  be  at  a  distance  from  its  zero  posi- 
tion equal  to  \lf(ic).  This  being  done,  the  cylinder  obviously  turns  through 
an  angle  equal  to  J'f  (a?)  t/<a?)cZa?,  and  thus  solves  the  problem. 

One  way  of  giving  the  required  motions  to  the  rotating  disk  and  rolling 
globe  is  as  follows : — 

On  two  pieces  of  paper  draw  the  curves 

y^^'(p(a)da,  and  y=^/<^). 

Attach  these  pieces  of  paper  to  the  circumference  of  two  circular  cylin- 
ders, or  to  different  parts  of  the  circumference  of  one  cylinder,  with  the 
axis  of  ^  in  each  in  the  direction  perpendicular  to  the  axis  of  the  cylinder. 
Let  the  two  cylinders  (if  there  are  two)  be  geared  together  so  as  that  their 
circumferences  shall  move  with  equal  velocities.  Attached  to  the  fztune- 
work  let  there  be,  close  to  the  circumference  of  each  cylinder,  a  slide  or 
guide-rod  to  guide  a  movable  point,  moved  by  the  hand  of  an  operator, 
so  as  always  to  touch  the  curve  on  the  surface  of  the  cylinder,  while  the 
two  cylinders  are  moved  round. 

Two  operators  will  be  required,  as  one  operator  could  not  move  the 
two  points  so  as  to  fulfil  this  condition^-^at  all  events  unless  the  motion 
were  very  slow.    One  of  these  points,  by  proper  mechanism,  gives  an 
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iingnlar  motion  to  the  rotating  disk  equal  to  its  own  linear  motion,  the 
other  gives  a  linear  motion  equal  to  its  own  to  the  centre  of  the  rolling 
globe. 

The  machine  thus  described  is  immediately  applicable  to  calculate  the 
values  Hj,  H,,  H„  Ac.  of  the  harmonic  constituents  of  a  function  \p(x) 
in  the  splendid  generalization  of  Fourier's  simple  harmonic  analysis,  which 
he  initiated  himself  in  his  solutions  for  the  conduction  of  heat  in  the 
sphere  and  the  cylinder,  and  which  was  worked  out  so  ably  and  beauti- 
fully by  Poisson*,  and  by  Sturm  and  Liouville  in  their  memorable  papers 
on  this  subject  published  in  the  first  volume  of  liouville's  '  Journal  des 
Mathdmatiques.'    Thus  if 

^^)=H,0,(a?)+H,0,(aO+H,0.(a:)+&c. 

be  the  expression  for  an  arbitrary  function  yj/O?,  in  terms  of  the  generalized 
harmonic  functions  ^i(^),  ^Ji^),  i^ji^X  <&c.,  these  functions  being  such 
that 

j^0i(^)  f/^)rf^=0,  Jj0,(^) 0,(^)^=0,  £V,W ^.(^)=0,  &c., 
we  have 

Ac. 

In  the  physical  applications  of  this  theory  the  integrals  which  constl* 
tute  the  denominators  of  the  formulae  for  Hj,  Hj,,  &c.  are  always  to  be 
evaluated  in  finite  terms  by  an  extension  of  Fourier's  formula  for 
^'a:  v^dx  of  his  problem  of  the  cylinder  t  made  by  Sturm  in  equation  (10), 
§  iv.  of  his  "Memoire  sur  mne  Classe  d'£quations  k  differences  partielles'' 
in  Liouville's  Journal,  vol.  i.  (1836).  The  integrals  in  the  numerators 
are  calculated  with  great  ease  by  aid  of  the  machine  worked  in  the  manner 
described  above. 

The  great  practical  use  of  this  machine  will  be  to  perform  the  simple 
harmonic  Fourier-analysis  for  tidal,  meteorological,  and  perhaps  even 
astronomical  observations.    It  is  the  case  in  which 

*  ]ffiB  general  demonstration  of  the  reality  of  the  roots  of  transcendental  equations 
eisential  to  this  analysis  (an  exceedingly  important  step  in  adyanoe  from  Fourier^s 
position),  n^ch  he  first  gave  in  the  '  Bulletin  do  la  Soci4t4  Philomaihique'  for  1828,  it 
reprodaoed  in  his  '  Th^orie  Math^matique  de  la  Ohaleur/  §  90. 

t  Foorifir^s '  Thforie  Analytique  de  la  Chaleur/  §  310,  page  391  (Paris,  IS^lc 
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and  the  integration  is  performed  through  a  range  equal  to  —  (i  any 

integer)  that  gives  this  application.     In  this  case  the  addition  of  a  simple 
crank  mechanism,  to  give  a  simple  harmonic  angular  motion  to  the 

2ir 

rotating  disk  in  the  proper  period  — ,  when  the  cylinder  bearing  the 

curve  y=\(^x)  moves  uniformly,  supersedes  the  necessity  for  a  cylinder 
with  the  curve  y=(p(a)  traced  on  it,  and  an  operator  keeping  a  point 
always  on  this  curve  in  the  manner  described  above.  Thus  one  operator 
will  be  enough  to  carry  on  the  process ;  and  I  believe  that  in  the  appli- 
cation of  it  to  the  tidal  harmonic  analysis  he  will  be  able  in  an  hour  or 
two  to  find  by  aid  of  the  machine  any  one  of  the  simple  harmonic  ele- 
ments of  a  year's  tides  recorded  in  curves  in  the  usual  manner  by  an 
ordinary  tide-gauge — ^a  result  which  hitherto  has  required  not  less  than 
twenty  hours  of  calculation  by  skilled  arithmeticians.  I  believe  this 
instrument  will  be  of  great  value  also  in  determining  the  diurnal,  semi- 
diurnal, ter-diumal,  and  quarter-diurnal  constituents  of  the  daily  varia- 
tions of  temperature,  barometric  pressure,  east  and  west  components  of 
the  velocity  of  the  wind,  north  and  south  components  of  the  same ;  also 
of  the  three  components  of  the  terrestrial  magnetic  force ;  also  of  the  elec- 
tric potential  of  the  air  at  the  point  where  the  stream  of  water  breaks  into 
drops  in  the  atmospheric  electrometers,  and  of  other  subjects  of  ordinary 
meteorological  or  magnetic  observations ;  also  to  estimate  precisely  the 
variation  of  terrestrial  magnetism  in  the  eleven  years  sun-spot  period,  and 
of  sun-spots  themselves  in  this  period ;  also  to  disprove  (or  prove,  as  the 
case  may  be)  supposed  relations  between  sun-spots  and  planetary  posi- 
tions and  conjunctions  ;  also  to  investigate  lunar  influence  on  the  height 
of  the  barometer,  and  on  the  components  of  the  terrestrial  magnetic 
force,  and  to  find  if  lunar  influence  is  sensible  on  any  other  meteoro- 
logical phenomena — and  if  so,  to  determine  precisely  its  character  and 
amount. 

From  the  description  given  above  it  will  be  seen  that  the  mechanism 
required  for  the  instrument  is  exceedingly  simple  and  easy.  Its  accuracy 
will  depend  essentially  on  the  accuracy  of  the  circular  cylinder,  of  the 
globe,  and  of  the  plane  of  the  rotating  disk  used  in  it. 

For  each  of  the  three  surfaces  a  much  less  elaborate  application  of 
the  method  of  scraping  than  that  by  which  Sir  Joseph  Whitworth  has 
given  a  true  plane  with  such  marvellous  accuracy  wiQ  no  doubt  sufilce  for 
the  practical  requirements  of  the  instrument  now  proposed. 
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V.  "  Mechanical  Integration  of  the  Linear  Diflferential  Equations 
of  the  Second  Order  with  Variable  CoeflScients."  By  Prof. 
Sir  William  Thomson,  LL.D.,  F.R.S.  Received  January 
28,  1876. 

Every  linear  differential  equation  of  the  second  order  may,  as  is 
known,  be  reduced  to  the  form 

d  /I  du\  ,.v 

where  P  is  any  given  function  of  a?. 

On  account  of  the  great  importance  of  this  equation  in  mathematical 
physics  (vibrations  of  a  non-uniform  stretched  cord,  of  a  hanging  chaio, 
of  water  in  a  canal  of  non-uniform  breadth  and  depth,  of  air  in  a  pipe  of 
non-uniform  sectional  area,  conduction  of  heat  along  a  bar  of  non-uniform 
section  or  non-uniform  conductivity,  Laplace's  dLfferential  equation  of 
the  tides,  &c.  &c.%  1  have  long  endeavoured  to  obtain  a  means  of  facili- 
tating its  practical  solution. 

Methods  of  calculation  such  as  those  used  by  Laplace  himself  are 
exceedingly  valuable,  but  are  very  laborious,  too  laborious  unless  a  serious 
object  is  to  be  attained  by  calculating  out  results  with  minute  accuracy. 
A  ready  means  of  obtaining  approximate  results  which  shall  show  the 
general  character  of  the  solutions,  such  as  those  so  well  worked  out  by 
Sturm*,  has  always  seemed  to  me  a  desideratum.  Therefore  1  have  made 
many  attempts  to  plan  a  mechanical  integrator  which  should  give  solu- 
tions by  successive  approximations.  This  is  clearly  done  now,  when  wd 
have  the  instrument  for  calculating  f^a?)  \l/(x)  dx^  founded  on  my  brother's 
disk-,  globe-,  and  cylinder-integratof,  and  described  in  a  previous  com- 
munication to  the  Soyal  Society ;  for  it  is  easily  proved  t  that  if 


"1 

«,=J;P(C-j';«,dr)e«r,J 
Ac, 


where  u^  is  any  function  of  x^  to  begin  with,  as  for  example  u^^x ;  then 
u^,  u„  &c.  are  successive  approximations  converging  to  that  one  of  the 
solutions  of  (1)  which  vanishes  when  x^O, 

Now  let  my  brother's  integrator  be  appUed  to  find  C— C'  u^dx,  and  let  its 
result  feed,  as  it  were,  continuously  a  second  machine,  which  shall  find 
the  integral  of  the  product  of  its  result  into  Vdx.    The  second  machine 

*  "  M^moire  eur  lee  Equations  diff^rentielles  lindaires  du|;  second  ordre,"  Liouyille's 
Journal,  vol.  i.  1836. 

t  Cambridge  gcnate-HouBe  Ezaminaticn,  Thnrfdaj  afternoon,  January  22ncl,  \h\i. 
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will  give  out  continuously  the  yalue  of  u^,  TlBe  again  the  same  process 
with  tt,  instead  of  u^,  and  then  u,,  and  so  on. 

After  thus  altering,  as  it  were,  u^  into  u^  by  passing  it  through  the 
machine,  then  u,  into  u^  by  a  second  passage  through  the  machine,  and  so 
on,  the  thing  will,  as  it  were,  become  refined  into  a  solution  which  will 
be  more  and  more  nearly  rigorously  correct  the  oftener  we  pass  it  through 
the  machine.  If  u^i  does  not  sensibly  differ  from  u^,  then  each  is  sen- 
sibly a  solution. 

So  far  I  had  gone  and  was  satisfied,  feeling  I  had  done  what  I  wished 
to  do  for  many  years.  But  then  came  a  pleasing  surprise.  Compel 
agreement  between  the  function  fed  into  the  double  machine  and  that 
given  out  by  it.  This  is  to  be  done  by  establishing  a  connexion  which 
shall  cause  the  motion  of  the  centre  of  the  globe  of  the  first  integrator  of 
the  double  machine  to  be  the  same  as  that  of  the  surface  of  the  second 
integravor's  cylinder.  The  motion  of  each  will  thus  be  necessarily  a 
solution  of  (1).  Thus  I  was  led  to  a  conclusion  which  was  quite  unex- 
pected ;  and  it  seems  to  me  yery  remarkable  that  the  general  differential 
equation  of  the  second  order  with  variable  coefficients  may  be  rigorously, 
continuously,  and  in  a  single  process  solved  by  a  machine. 

Take  up  the  whole  matter  ah  initio :  here  it  is.  Take  two  of  my 
brother's  disk-,  globe-,  and  cylinder-integrators,  and  connect  the  fork 
which  guides  the  motion  of  the  globe  of  each  of  the  integrators,  by 
proper  mechanical  means,  with  the  circumference  of  the  other  inte- 
grator's cylinder.  Then  move  one  integrator's  disk  through  an  angle  =^, 
and  simultaneously  move  the  other  integrator  s  disk  through  an  angle 
always  =f'Pda?,  a  given  function  of  a?.  The  circumference  of  the 
second  integrator's  cylinder  and  the  centre  of  the  first  integrator's  globe 
move  each  of  them  through  a  space  which  satisfies  the  differential 
equation  (1). 

To  prove  this,  let  at  any  time  ^^,  g^  be  the  displacements  of  the  centres 
of  the  two  globes  from  the  axial  lines  of  the  disks ;  and  let  do?,  P  do;  be 
infinitesimal  angles  turned  through  by  the  two  disks.  The  infinitesimal 
motions  produced  in  the  circumferences  of  two  cylinders  will  be 

g^da  and  g^da. 

But  the  connexions  pull  the  second  and  first  globes  through  spaces 
respectively  equal  to  those  moved  through  by  the  circumferences  of  the 
first  and  second  cylinders.    Hence 

g^dx^d^^,  and  g^Tdv=zdg^ ; 
and  eliminating  g^ 


dx\2dxj 


Uv 


which  shows  that  g^  put  for  u  satisfies  the  differential  equation  (1), 

tized  by  Google 


Digitiz 


1876.]  On  Differential  Equations  of  any  Order,  271 

The  machine  giveB  the  complete  integral  of  the  equation  with  its  two 
arbitrary  constants.  For,  for  any  partLcular  yalue  of  x,  give  arbitrary 
yalues  Q^  G^.  [That  is  to  say  mechanicaily ;  disconnect  the  forks  from  the 
cylinders,  shift  the  forks  till  the  globes'  centres  are  at  distances  Q^  G-^ 
from  the  axial  lines,  then  connect,  and  moye  the  machine.] 

We  have  for  this  value  of  a?, 

that  is,  we  secure  arbitrary  values  for  ^^  and  ^  by  the  arbitrariness  of 
the  two  initial  positions  G^,  G,  of  the  globes. 


YI.  "  Mechanical  Integration  of  the  general  Linear  Di£ferential 
Equation  of  any  Order  with  Variable  Coefficients.'^  By  Prof. 
Sir  William  Thomson,  LL.D,,  F.R.S.  Received  January  28, 
1876. 

Take  any  number  i  of  my  brother^s  disk-,  globe-,  and  cylinder-inte- 
grators, and  mak«  an  integrating  chain  of  them  thus : — Connect  the 
cylinder  of  the  first  so  as  to  give  a  motion  equal  to  its  own*  to  the  fork 
of  the  second.  Similarly  connect  the  cylinder  of  the  second  with  the 
fork  of  the  third,  and  so  on.  Let  ^^  g^^  ^,,  up  to  ^i,  be  the  positions  t  of 
the  globes  at  any  time.  Let  infinitesimal  motions  P^c^o?,  P^eZo?,  l^^da, .... 
be  given  simultaneously  to  all  the  disks  (dx  denoting  an  infinitesimal 
motion  of  some  part  of  the  mechanism  whose  displacement  it  is  convenient 
to  take  as  independent  variable).  The  motions  (dK^,  dic^^ . , .  dxi)  of  the 
cylinders  thus  produced  are 

dic^vssg^  V^dx,  dK^=g^  V^da:, . . ,  A,=^<  VfLv.      ...     (1) 

But,  by  the  connexions  between  the  cylinders  and  forks  which  move  the 
globes,  dx^^dg^^  dK^=:dg^, . . .  diCi^i^^dgi;  and  therefore 


1- 


and  y     .    .    (2) 

^*i=5^i PA>  dK^:=^g^^^dx, . . .  dKi=gi  Vidx. 
Hence 

_1   d   1   d  1     d   1  dx^  .ov 

^^''¥^di)T^di'''VZidi¥,d^ ^^ 

Suppose,  now,  for  the  moment  that  we  couple  the  last  cylinder  with  the 

*  For  brerity,  the  motion  of  the  circumference  of  the  cylinder  is  called  the  cylinder's 
motion. 

t  For  brevity,  the  term  "  position  *'  of  any  one  of  the  globes  is  used  to  denote  its 
distance,  podtive  or  negatiye,  from  the  axial  line  of  the  rotating  disk  on  which  it 
prewes. 
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£rst  fork,  so  that  their  motions  shall  be  equal — that  is  to  say,  i:.=</i- 
Then,  putting  u  to  denote  the  common  value  of  these  variables,  we  have 

__ J^  did            1    d  1  du  . .V 

'*''¥,dZ^F^d^""¥Zdi¥idi ^^ 

Thus  an  endless  chain  or  cycle  of  integrators  with  disks  moved  as 
specified  above  gives  to  each  fork  a  motion  fulfilling  a  differential  equa- 
tion, which  for  the  case  of  the  fork  of  the  tth  integrator  is  equation  (4). 
The  differential  equations  of  the  displacements  of  the  second  fork,  third 
fork, . .  .(t-.l)th  fork  may  of  course  be  written  out  by  inspection  from 
equation  (4). 

This  seems  to  me  an  exceedingly  interesting  result ;  but  though 
Pj,  Pj,  P3, . . .  Pj  may  be  any  given  functions  whatever  of  ar,  the  differen- 
tial equations  so  solved  by  the  simple  cyde  of  integrators  cannot,  except 
for  the  case  of  i=2,  be  regarded  as  the  general  linear  equation  of  the 
order  i,  because,  so  far  as  I  know,  it  has  not  been  proved  for  any  value 
of  i  greater  than  2  that  the  general  equation,  which  in  its  usual  fonn  is 
as  follows, 

Qd*u  ,  r\  cP-^w  ,         r\  du  rt  X-. 

can  be  reduced  to  the  form  (4).  The  general  equation  of  the  form  (5), 
where  Q^,  Q^, . . .  Qi  are  any  given  forms  of  x,  may  be  integrated  me- 
chanically by  a  chain  of  connected  integrators  thus : — 

First  take  an  open  chain  of  i  simple  integrators  as  described  above, 
and  simplify  the  movement  by  taking  Pj=Pj=Pj=  . . ,  s=Pj^s=l,  so  that 
the  speeds  of  all  the  disks  are  equal,  and  dx  denotes  an  infinitesimal 
angular  motion  of  each.    Then  by  (2)  we  have 

Now  establish  connexions  between  the  i  forks  and  the  ith  cylinder,  so 
that 

Qi5'i  +  Qa^>+...  +  Qwi^,.i+Q*^i=ir, (7) 

Putting  in  this  for  g^,  g^^  Ac.  their  values  by  (6),  we  find  an  equation 
the  same  as  (6),  except  that  ki  appears  instead  of  u.  Hence  the  mechanism, 
when  moved  so  as  to  fulfil  the  condition  (7),  performs  by  the  motion  of 
its  last  cylinder  an  integration  of  the  equation  (6).  This  mechanical 
solution  is  complete ;  for  we  may  give  arbitrarily  any  initial  values  to 

«^.»  Oil  9i^u . . .  r7a»  r/a  >  *^»^  is  ^o  8*y»  *^ 

du   d^u        d*-^u 
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Until  it  is  desired  actually  to  construct  a  machine  for  thus  integrating 
differential  equations  of  the  third  or  any  higher  order,  it  is  not  necessary 
to  go  into  details  as  to  plans  for  the  mechanical  fulfilment  of  condition  (7)  ; 
it  is  enough  to  know  that  it  can  be  fulfilled  by  pure  mechanism  working 
continuously  in  connexion  with  the  rotating  disks  of  the  train  of  inte^ 
grators. 

Addendum.    Received  February  10,  1876. 

The  integrator  may  be  applied  to  integrate  any  differential  equation  of 
any  order.  Let  there  be  %  simple  integrators  ;  let  a?^,  g^^  k^  be  the  dis- 
placements of  disk,  globe,  and  cylinder  of  the  firsts  and  do  for  the  others. 
We  have 

Now  by  proper  mechanism  establish  such  relations  between 

^i»  9v  ^v  ^a»  9it  Ac- 
that 

/^'H^i>  5^11 'fi*  ^a»  ••  0=0, 

(2i  —  1  relations). 

This  will  leave  just  one  degree  of  freedom ;  and  thus  we  have  2t— 1 
simultaneous  equations  solved.    As  one  particular  case  of  relations  take 

.r^=A?2=K  .  t .  (»— 2  relations)^ 
and 

9a='^v  ^s==*^a»  *c-  (*~2  relations); 
so  that 

Thus  one  relation  is  still  available.    Let  it  be 

Thus  the  machine  solves  the  differential  equation 

Or  again,  take  2%  double  integrators.    Let  the  disks  of  all  be  connected 
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so  as  to  move  with  the  same  speed,  and  let  <  be  the  displacement  of  any 
one  of  them  from  anj  paiticolar  position.    Let 

be  the  displacements  of  the  second  cylinders  of  the  several  doable  inte- 
grators. Then  (the  second  globe-frame  of  each  being  connected  to  its 
first  cylinder)  the  displacements  of  the  first  globe-frames  will  be 

d'x  d'y  d'x'  d'i/  ^ 

d^'  de'  de'  d^' 

Let  now  X,  T,  X',  T',  &c.  be  each  a  given  function  of 

^,  y,  ^'»  y\  ^'\  Ac. 

By  proper  mechanism  make  the  first  globe  of  the  first  double  integrator- 
frame  move  so  that  its  displacement  shall  be  equal  to  X,  and  so  on. 
The  machine  then  solves  the  equations 

d^x    -^  d^y     -XT  d^x      -^i    « 

For  example,  let 

X=(a;'-;.)/{(a;'-;.)«+(y'-yy} 

+ 

X=(y'-y)/{^'-^)^+(y'-yy} 

+ 

X'=:&C.,T=&C., 

where  /  denotes  any  function. 
Construct  in  (frictionless)  steel  the  surface  wh68e  equation  is 

(and  repetitions  of  it,  for  practical  convenience,  though  (me  theoretically 
suffices).  By  aid  of  it  (used  as  it  were  a  cam,  but  for  two  independent 
variables)  arrange  that  one  moving  auxiliary  piece  (an  or-auidliary  I 
shall  call  it),  capable  of  moving  to  and  fro  in  a  straight  line,  shall  have 
displacement  always  equal  to 

(a;'-a;)/{(a;'-ar)H(y'-y)'}. 
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that  another  (a  y-aiudliary)  shall  have  displacement  always  equal  to 

(y'-y)/{(*'-^)'+(y'-y)'}. 

that  another  (an  o^auxiliarj)  shall  have  displacement  equal  to 

and  so  on. 

Then  connect  the  first  globe-frame  of  the  first  double  integrator,  so 
that  its  displacement  shall  be  equal  to  the  sum  of  the  displacements  of 
the  or-auxiliaries ;  that  is  to  say,  to 

+  &C. 

This  may  be  done  by  a  cord  passing  oyer  pulleys  attached  to  the 
;r-au2dliaries,  with  one  end  of  it  fixed  and  the  other  attached  to  the  globe- 
frame  (as  in  my  tide-predicting  machine,  or  in  Wheatstone's  alphabetic 
telegraph-sending  instrument). 

Then,  to  begin  with,  adjust  the  second  globe-frames  and  the  second 
cylinders  to  have  their  displacements  equal  to  the  initial  yelodty-compo- 
nents  and  initial  coordinates  of  i  particles  free  to  move  in  one  plane. 
Turn  the  machine,  and  the  positions  of  the  particles  at  time  t  are  shown 
by  the  second  cylinders  of  the  several  double  integrators,  supposing  them 
to  be  free  particles  attracting  or  repelling  another  with  forces  varying 
according  to  any  function  of  the  distance. 

The  same  may  clearly  be  done  for  particles  moving  in  three  dimensions 
of  space,  since  the  components  of  force  on  each  may  be  mechanically 
constructed  by  aid  of  a  cam-surface  whose  equation  is 

and  taking  19  for  the  distance  between  any  two  particles,  and 

or  =y'-y 

or   =a?"— a?,  Ac. 

Thus  we  have  a  complete  mechanical  integration  of  the  problem  of  finding 
ihe  free  motions  of  any  number  of  mutually  influencing  particles,  not 
restricted  by  any  of  the  approximate  suppositions  which  the  analytical 
treatment  of  the  lunar  and  planetary  theories  requires. 
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February  10, 1876. 

Dr.  J.  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

The  Bight  Hon.  Lord  Aberdare  and  tbe  Bight.  Hon.  George  Sclater- 
Booth  were  admitted  into  the  Society. 

The  Bight  Hon.  Benjamin  Disraeli,  whose  Certificate  had  been  sus- 
pended, as  required  by  the  Statutes,  was  balloted  for  and  elected  a  Fellow 
of  the  Society. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 

I,   '^On  Repulsion  resulting  from  Radiation." — ^Part  III.     By 
William  Crookes,  F.R.S.  &c.    Received  January  5, 1876. 

(Abstract.) 

This  paper  contains  an  account  of  experiments  on  the  action  of  radia- 
tion on  bodies  the  surfaces  of  which  have  their  radiating  and  absorbing 
powers  modified  by  various  coatings.  The  difference  between  a  white 
and  a  lampblacked  surface  in  this  respect  was  at  first  not  very  decided ; 
and  experiments  have  been  instituted  with  the  object  of  clearing  up 
some  anomalies  observed  in  the  actions.  Two  pith  disks,  one  white  and 
the  other  black,  were  suspended  on  a  light  arm  in  a  glass  bulb  by  means 
of  a  fine  silk  fibre ;  after  perfect  exhaustion  the  white  and  black  disks 
were  found  to  be  equally  repelled  by  heat  of  low  intensity,  such  as  from 
tbe  fingers,  warm  water,  &c.  A  copper  ball  was  then  tried  at  gradually 
increasing  temperatures.  Up  to  250°  C.  it  repelled  both  equally,  above 
that  the  black  was  more  repelled  than  the  white,  and  at  a  full  red  heat  the 
repulsion  of  the  black  disk  was  very  energetic.  A  h'ghted  candle  acts 
^vith  more  energy  than  the  red-hot  copper. 

The  presence  of  even  a  small  quantity  of  aqueous  vapour  in  the 
exhausted  apparatus  almost,  if  not  quite,  neutralizes  the  more  eneigetio 
action  which  luminous  rays  appear  to  exert  on  a  blackened  surface. 

AEter  describing  several  different  modifications  and  some  new  forms 
of  apparatus  devised  to  &cilitate  experiment,  the  author  gives  a  drawing 
of  an  instrument  which  enables  him  to  get  quantitative  measurements  of 
the  amoimt  of  incident  light  falling  on  it.  It  consists  of  a  fiat  bar  of 
pith,  half  black  and  half  white,  suspended  horizontally  in  a  bulb  by 
means  of  a  long  silk  fibre.  A  small  magnet  and  reflecting-mirror  are 
fastened  to  the  pith,  and  a  controlling  magnet  is  fastened  outside  so 
that  it  can  shde  up  and  down  the  tube,  and  thus  increase  or  diminish 
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sensitiveness.  The  whole  is  completely  exhausted,  and  then  enclosed  in 
a  box  lined  with  black  velyet,  with  apertures  for  the  rajs  of  light  to  pass 
in  and  out.  A  ray  of  light  reflected  from  the  mirror  on  to  a  graduated 
scale,  shows  the  moyements  of  the  pith  bar.  The  degrees  of  deflection 
produced  by  the  light  of  a  candle  at  distances  from  6  feet  to  35  feet  are 
given. 

The  experimental  observations  and  the  numbers  which  are  required 
by  the  theoretical  diminution  of  light  with  the  square  of  the  distance 
are  sufficiently  close,  as  the  following  figures  show : — 

o 

Candle  6  feet  off  gives  a  deflection  of  218 
12 
18 
24 
10 
20 
30 

The  effect  of  two  candles  side  by  side  is  practically  double,  and  of 
three  candles  three  times  that  of  one  candle. 

The  action  of  various  solid  and  liquid  screens  is  next  given. 

A  candle  3  feet  off,  giving  a  deflection  of  180°,  has  its  action  reduced 
to  the  following  amounts  by 

0 

Tellowglass 161 

Blue        „  102 

Green      „  101 

Bed         „  128 

Water 47 

Alum    27 

A  candle  on  each  side  of  the  apparatus,  and  equidistant  from  it,  keep^ 
the  index  ray  of  light  at  zero ;  by  shading  off  either  one  or  the  other  the 
light  flies  off  to  either  extremity  of  the  scale.  This  gives  a  ready  means 
of  balancing  two  sources  of  light  one  against  the  other.  Thus,  retaining 
the  standard  candle  48  inches  off  on  the  left  of  the  bar,  the  index  was 
brought  to  zero  by  placing  on  the  right 

2  candles    67  inches  off, 

1  candle  behind  solution  of  sulphate  of  copper . .  6        ^, 

„        „        alum  plate 14        „ 

A  small  gas-burner 113        „ 

These  experiments  show  how  conveniently  and  accurately  this  instru- 
ment can  be  used  as  a  photometer.  By  balancing  a  standard  candle  on 
one  side  against  any  source  of  light  on  the  other,  the  value  of  the  latter 
in  terms  of  a  candle  is  readily  shovnt;  thus  in  the  last  experiment  the 
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standard  candle  48  inches  off  was  balanced  by  a  gas-flame  113  incHes  off. 
The  lights  were  therefore  in  the  proportion  of  48'  to  113",  or  as  1  to  5|. 
The  gas-burner  was  therefore  equal  to  6|  candles. 

By  interposing  screens  of  water  or  plates  of  alum,  and  so  practically  cut- 
ting off  all  the  dark  heat,  the  actual  luminosity  is  measured.  In  addition  to 
this,  by  interposing  coloured  glasses  or  solutions,  any  desired  colours  can  be 
measured  either  against  the  total  radiation  from  a  candle,  its  luminous 
rays,  or  any  desired  colour.  One  coloured  ray  can  be  balanced  against 
another  coloured  ray,  by  having  differently  coloured  screens  on  either 
side. 

The  yariations  in  the  luminosity  of  a  *'  standard  '^  candle  will  cease  to 
be  of  importance.  Any  candle  may  be  taken ;  and  if  it  be  placed  at  such 
a  distance  from  the  apparatus  that  it  will  give  a  uniform  deflection,  say 
of  100  divisions,  the  standard  can  be  reproduced  at  any  subsequent  time ; 
and  the  burning  of  the  candle  may  be  tested  during  the  photometric 
experiments  by  taking  the  deflection  it  causes  from  time  to  time,  and 
altering  its  distance,  if  needed,  to  keep  the  deflection  at  100  divisions. 

If  the  pith  bar  in  this  instrument  be  blacked  on  alternate  halves,  an 
impetus  given  by  a  ray  of  light  always  acts  in  the  same  direction  of 
movement.  A  candle  causes  it  to  spin  round  very  rapidly  until  the  sus- 
pending fibre  is  twisted  up,  and  the  rotation  is  stopped  by  the  accumu- 
lated torsion. 

By  arranging  the  apparatus  so  that  the  black  and  white  surfaces  are 
suspended  on  a  pivot  instead  of  by  a  silk  fibre,  the  interfering  action  of 
torsion  is  removed,  and  the  instrument  will  rotate  continuously  imder 
the  influence  of  radiation.  To  this  instrument  the  author  has  given  the 
name  of  the  "  Radiometer,''  or  "  Light-MiU."  It  consists  of  four  arms 
of  very  fine  glass,  supported  in  the  centre  by  a  needle-point,  and  having 
at  the  extremities  thin  disks  of  pith  lampblacked  on  one  side,  the  black 
surfaces  all  facing  the  same  way.  The  needle  stands  in  a  glass  cup, 
and  the  arms  and  disks  are  delicately  balanced  so  as  to  revolve  -mih  the 
slightest  impetus. 

In  the  *  Proceedings  of  the  Eoyal  Society'  for  1875  (vol.  xxiii.  p.  373), 
the  author  gave  a  brief  account  of  some  of  the  earlier  experiments 
with  these  instruments.  In  the  present  paper  he  enters  very  fully  into 
the  various  phenomena  presented  by  them,  and  gives  Tables  showing  the 
number  of  revolutions  made  by  the  radiometer  when  exposed  to  a  con- 
stant source  of  light  removed  different  distances  from  the  instrument. 
The  law  is  that  the  rapidity  of  revolution  is  inversely  as  the  square  of 
the  distance  between  the  light  and  the  instrument. 

When  exposed  to  different  numbers  of  candles  at  the  same  distance 
off,  the  number  of  revolutions  in  a  given  time  are  in  proportion  to  the 
number  of  candles,  two  candles  giving  twice  the  rapidity  of  one  candle, 
and  three  giving  three  times,  <&c. 

The  position  of  the  light  in  the  horizontal  plane  of  the  instrument  is 
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of  no  oonsequenoe,  provided  the  distance  is  not  altered;  thus  two 
candles  one  foot  off  give  the  same  number  of  revolutions  per  second, 
whether  they  are  side  by  side  or  opposite  to  each  other.  Erom  this  it 
follows  that  if  the  radiometer  is  brought  into  a  uniformly  lighted  space 
it  will  continue  to  revolve.  This  is  proved  to  be  the  case  by  experi- 
ment. 

The  speed  with  which  a  sensitive  radiometer  will  revolve  in  full  sun- 
shine is  almost  incredible.  Nothing  is  apparent  but  an  undefined  nebulous 
ring,  which  becomes  at  times  almost  invisible.  The  number  of  revolu- 
tions per  second  cannot  be  counted,  but  it  must  be  several  hundreds,  for 
one  candle  will  make  the  arms  spin  round  forty  times  a  second. 

The  action  of  dark  heat  (t.  e.  from  boiling  water)  is  to  repel  each  sur- 
face equally,  and  the  movement  of  the  radiometer  is  therefore  arrested  if 
a  flask  of  boOing  water  is  brought  near  it.  The  same  effect  is  produced 
by  ice. 

Prom  some  observations  made  by  the  author,  it  appears  probable  that 
heat  of  a  still  lower  refrangibility  repels  the  white  more  than  it  does  the 
black  surface.  Many  instances  are  given  of  the  radiometer  revolving  the 
reverse  way.  Thus  breathing  gently  on  the  instrument  will  generally 
cause  this  effect  to  be  produced. 

An  experiment  is  described  with  a  radiometer  the  moving  parts  of 
which  are  of  aluminium,  blacked  on  one  side.  When  exposed  to  the 
radiation  from  a  candle  the  arms  revolve  the  normal  way.  On  removing 
the  candle  they  revolve  the  reverse  way.  Heated  with  a  Bunsen  burner 
the  arms  revolve  the  normal  way  as  they  are  getting  hot;  but  as  soon  as 
the  source  of  heat  is  removed  and  cooling  commences,  rotation  sets  up 
in  the  reverse  way,  and  continues  with  great  energy  till  the  whole  is 
cold.  The  reverse  movement  during  the  cooling  is  apparently  equal 
in  energy  to  the  normal  movement  as  it  is  being  heated. 

It  is  easy  to  get  rotation  in  a  radiometer  without  having  the  surfaces 
of  the  disks  differently  coloured.  An  experiment  is  described  with  one 
having  the  pith  disks  blacked  on  both  sides.  On  bringing  a  candle  near 
it,  and  shading  the  light  from  one  side,  rapid  rotation  is  produced,  which 
is  at  once  altered  in  direction  by  moving  the  shade  to  the  other  side. 

The  author  describes  many  forms  of  radiometer,  by  means  of  which 
the  movements  can  be  exhibited  to  a  large  audience,  or  can  be  made  to 
record  themselves  telegraphically  on  a  self-recording  instrument. 

II.  "On  Repulsion  resulting  from  Radiation/^ — ^Part  IV.     By 
William  Crookes^  F.R.S.  &c.     Receired  February  5,  1876. 
(Abstract.) 

In  this  paper  the  author  describes  experiments  on  the  repulsion  pro- 
duced by  the  different  rays  of  the  solar  spectrum.  The  apparatus 
employed  is  the  horizontal  beam  suspended  by  a  glass  fibre  and  having 
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square  pieces  of  pith  at  each  end  coated  with  lampblack.  The  whole  is 
fitted  up  and  hermeticallj  sealed  in  glass,  and  connected  with  an  im- 
proved  mercury-pump.  In  front  of  the  square  of  pith  at  one  end  a 
quartz  window  is  cemented  to  the  apparatus;  and  the  movements  of 
the  beam,  when  radiation  falls  on  the  pith,  are  observed  by  a  reflected 
ray  of  light  on  a  millimetre-scale.  The  apparatus  was  fitted  up  in  a 
room  specially  devoted  to  it,  and  was  protected  on  all  sides,  except  where 
the  rays  of  light  had  to  pass,  with  cotton-wool  and  large  bottles  of  water. 
A  heliostat  reflected  in  a  constant  direction  a  beam  of  sunlight,  which  was 
received  on  an  appropriate  arrangement  of  slit,  lenses,  and  prisms  for  pro- 
jecting a  pure  spectrum.  Eesults  were  obtained  in  the  months  of  July, 
August,  and  September ;  and  they  are  given  in  the  paper  graphically  as 
a  curve,  the  nutTimnTti  being  in  the  ultra-red,  and  the  minimum  in  the 
ultra-violet.  Taking  the  maximum  at  100,  the  following  are  the  mechanical 
values  of  the  different  colours  of  the  spectrum  : — 

Ultra-red 100  • 

Extreme  red 85 

Bed 73 

Orange 66 

Yellow 57 

Green  41 

Blue 22 

Indigo 8J 

Violet  6 

•Ultra-violet 5 

A  comparison  of  these  figures  ^dth  those  usually  given  in  text-books 
to  represent  the  distribution  of  heat  in  the  spectrum  is  a  sufficient 
proof  that  the  mechanical  action  of  radiation  is  as  much  a  function  of 
the  luminous  rays  as  it  is  of  the  dark  heat-rays. 

The  author  discusses  the  question,  "  Is  the  effect  due  to  heat  or  to 
light  ?"  There  is  no  real  difference  between  heat  and  light ;  all  we  can 
take  account  of  is  difference  of  wave-length ;  and  a  ray  of  a  definite  re- 
f  rangibility  cannot  be  split  up  into  two  rays,  one  being  heat  and  one  light. 
Take,  for  instance,  a  ray  of  definite  refrangibility  in  the  red.  Falling  on 
a  thermometer  it  shows  the  action  of  heat,  on  a  thermopile  it  produces 
an  electric  current,  to  the  eye  it  appears  as  light  and  colour,  on  a  photo- 
graphic plate  it  causes  chemical  action,  and  on  the  suspended  pith  it 
causes  motion.  But  all  these  actions  are  inseparable  attributes  of  the 
ray  of  that  particular  wave-length,  and  are  not  e^ddence  of  separate 
identities. 

The  author  enters  into  some  theoretical  explanations  of  the  action  of 
the  different  parts  of  the  spectrum  but  these  cannot  well  be  given  in 
abstract. 

An  experiment  is  described  by  which  sunlight  was  filtered  through  alum, 
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glass,  and  water  screens,  so  as  to  cut  off  the  whole  of  the  ultra-red  or 
dark-heat  rays.  The  ray  of  light  which  was  thus  freed  from  dark  heat 
was  allowed  to  fall  on  the  pith  sur&ce  of  the  torsion-apparatus,  when  it 
produced  a  deflection  of  105°.  On  interposing  a  solution  of  iodine  in 
disulphide  of  carbon  the  deflection  fell  to  2°,  showing  that  the  pre- 
vious action  was  almost  entirely  due  to  light.  With  a  candle  tried 
under  the  same  circumstances,  the  light  filtered  from  dark  heat  produced 
a  deflection  of  37^,  which  was  reduced  to  5^  by  interposing  the  opaque 
solution  of  iodine. 

In  order  to  obtain  comparative  results  among  disks  of  pith  coated 
with  lampblack  and  with  other  substances,  a  torsion-apparatus  was  con- 
sbructed  in  which  two  or  more  disks  could  be  exposed  one  after  the 
other  to  a  standard  light.  One  disk  always  being  lampblacked  pith,  the 
other  disks  could  be  changed  so  as  to  get  comparisons  of  action.  If 
the  action  of  radiation  from  a  candle  on  the  lampblacked  disk  be  taken 
as  100,  the  following  are  the  proportions  obtained : — 

On  Lampblacked  pith 100 

Iodide  of  palladium ]  87'3 

Precipitated  silver    56 

Amorphous  phosphorus   40 

Sulphate  of  baryta   37 

Milk  of  sulphur    31 

Bed  oxide  of  iron 28 

Scarlet  iodide  of  mercury  and  copper  22 

Lampblacked  silver 18 

White  pith    18 

Carbonate  of  lead 13 

Bock-salt 6-5 

Glass 6-5 

In  oonsequence  of  some  experiments  tried  by  Profs.  Tait  and  Dewar, 
and  published  in  '  Nature,'  July  15,  1875,  the  author  fitted  up  a  very 
sensitive  apparatus  for  the  purpose  of  carefully  examining  the  action  of 
radiation  on  alum,  rock-salt,  and  glass.  The  source  of  radiation  was  a 
candle.  Perfectly  transparent  and  highly  polished,  plates  of  the  same 
size  were  used,  and  the  deflection  was  made  evident  by  an  index  ray  of 
light.  Taking  the  action  on  the  alum  at  100,  that  on  the  rock-salt  in 
^re  successive  experiments  was  81,  77*3, 71, 62*5, 60*4.  This  increasing 
action  on  the  alum  was  found  to  be  caused  by  efflorescence,  which  took 
place  rapidly  in  the  vacuum,  and  rendered  the  crystal  partially  opaque. 
A  fresh  alum  plate  being  taken,  this  and  the  rock-salt  were  coated  with 
lampblack  and  replaced  in  the  apparatus,  the  black  side  away  from  the 
source  of  radiation,  so  that  the  radiation  would  pass  through  the  crystal 
before  reaching  the  lampblack.  The  action  of  radiation  was  in  the 
proportion  of  blacked  alum  100  to  blacked  rock-salt  73. 
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Bock-salt  and  glass  were  next  tested  against  each  other  in  vacuo  in  a 
torsion-balance.  Professors  Dewar  and  Tait  say  that  rock-salt  is  inactire 
when  the  beam  from  a  candle  is  thrown  on  it,  while  a  glass  disk  is  active. 
The  author  has  failed  to  corroborate  these  results ;  he  found  the  mean  of 
several  concordant  observations  to  be — ^rock-salt  39,  glass  40, 

The  Measurement  of  the  Force, 

The  author  describes  a  torsion-balance  in  which  he  is  enabled  to  weigh 
the  force  of  radiation  from  a  candle,  and  give  it  in  decimals  of  a  grain. 
The  principle  of  the  instrument  is  that  of  W.  Bitchie's  torsion-balance, 
described  in  the  Philosophical  Transactions  for  1830.  The  construo- 
tion  is  somewhat  complicated,  and  cannot  be  well  described  without  refer- 
ence to  the  diagrams  which  accompany  the  original  paper.  A  light  beam, 
having  two  square  inches  of  pith  at  one  end,  is  balanced  on  a  very  fine 
fibre  of  glass  stretched  horizontally  in  a  tube,  one  end  of  the  fibre  being 
connected  with  a  torsion-handle  passing  through  the  tube,  and  indicating 
angular  movements  on  a  graduated  circle.  The  beam  is  cemented  to  the 
torsion-fibre,  and  the  whole  is  enclosed  in  glass  and  connected  with  the 
mercury-pump  and  exhausted  as  [perfectly  as  possible.  A  weight  of 
0*01  grain  is  so  arranged  that  it  can  be  placed  on  the  pith  or  removed 
from  it  at  pleasure.  A  ray  of  light  from  a  lamp  reflected  from  a  mirror 
in  the  centre  of  the  beam  to  a  millimetre-scale  4  feet  off  shows  the 
slightest  movement.  When  the  reflected  ray  points  to  zero,  a  turn  of 
the  torsion-handle  in  one  or  the  other  direction  will  raise  or  depress  the 
pith  end  of  the  beam,  and  thus  cause  the  index  ray  to  travel  along  the 
scale  to  the  right  or  to  the  left.  If  a  small  weight  is  placed  on  one  end 
so  as  to  depress  it,  and  the  torsion-handle  is  then  turned,  the  tendency 
of  the  glass  fibre  to  untwist  itself  will  idtimately  balance  the  downward 
pressure  of  the  weight,  and  will  again  bring  the  index  ray  to  zero.  It 
was  found  that  when  the  weight  of  the  j^  of  a  grain  was  placed  on  the 
pith  surface,  the  torsion-handle  had  to  be  turned  27  revolutions  and 
353%  or  10073°  before  the  beam  became  horizontal.  The  downward 
pressure  of  the  y^  of  a  grain  was  therefore  equivalent  to  the  force  of 
torsion  of  the  glass  thread  when  twisted  through  10073°. 

The  author  next  ascertJEuned  what  was  the  smallest  amount  of  weight 
which  the  balance  would  indicate.  He  found  that  1°  of  torsion  gave  a 
very  decided  movement  of  the  index  ray  of  light,  a  torsion  of  10073** 
balancing  the  ^  of  a  grain,  while  10074°  overbalanced  it.     The 

balance  will  therefore  turn  to  the  100,000,000  ^^  *  grain. 

Divide  a  grain  weight  into  a  million  parts,  place  one  of  them  on  the 
pan  of  the  balance,  and  the  beam  will  be  instantly  depressed. 

Weighed  in  this  balance  the  mechanical  force  of  a  candle  12  inches  off 
was  found  to  be  0-000444  grain ;  of  a  candle  6  inches  off  0-001772  grain. 
At  half  the  distance  the  weight  of  radiation  should  be  four  times,  or 
0'001776  grain;  the  difference  between  theory  and  experiment  being 
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onlj  four  miUionths  of  a  grain  is  a  sufficient  proof  that  the  indications 
of  this  instrument,  like  those  of  the  apparatus  previously  described  by 
the  author,  follow  rigidly  the  law  of  inverse  squares.  An  examination 
of  the  differences  between  the  separate  observations  and  the  mean  shows 
that  the  author's  estimate  of  the  sensitiveness  of  his  balance  b  not  exces- 
sive, and  that  in  practice  it  vnll  safely  indicate  the  millionth  of  a  grain. 

One  observation  of  the  weight  of  sunlight  is  given;  it  was  taken  on 
December  13;  but  the  sun  was  so  obscured  by  thin  clouds  and  haze  that 
it  was  only  equal  to  10*2  candles  6  inches  off.  Calculating  from  this 
datum,  it  is  seen  that  the  pressure  of  sunshine  is  2*3  tons  per  square 
mile. 

The  author  promises  further  observations  with  this  instrument,  not 
only  in  photometry  and  in  the  repulsion  caused  by  radiation,  but  in  other 
branches  of  science  in  which  the  possession  of  a  balance  of  such  incredible 
delicacy  is  likely  to  furnish  valuable  results. 


February  17, 1876. 

Dr.  J.  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 

I.  "  Besearches  upon  the  Specific  Volumes  of  Liquids.''  By  T. 
E.  Thorpe,  Ph.D.,  F.R.S.E-,  Professor  of  Chemistry  in  the 
Yorkshire  College  of  Science,  Leeds.  Communicated  by  Prof. 
A.  W.  Williamson,  For.Sec.B.S.  Beceived  January  14, 
1876. 

U.  On  the  Sjpeeifie  Volumes  of  certain  sinUlarhf  constituted 
Inorganie  Chhrides. 
The  results  of  the  observations  made  by  Pierre  and  Kopp  upon  the 
boiling-points,  specific  gravities,  and  thermal  expansibilities  of  the  tri- 
chlorides and  tribromides  of  phosphorus,  arsenic,  and  antimony  have  led 
Kopp  to  suppose  that  the  specific  volumes  of  phosphorus,  arsenic,  and 
antimony,  in  their  liquid  combinations,  may  be  identical.  The  same  con- 
clusion has  been  drawn  with  respect  to  tin,  titanium,  and  silicon  from 
Pierre's  observations  upon  the  tetrachlorides  of  these  elements*. 

*  Ann.  der  Ohem.  n.  Phann.  zori.  p.  819.  In  hii  original  paper  Kopp  remarks  that  the 
■pedflo  Toliinie  of  antimony,  from  his  obserrations  on  the  chloride,  BbCl,,  and  the  bro- 
mide, SbBr,,  is  decidedly  larger  than  that  of  phosphorus  and  arsenic  But  the  larger 
value  is  in  part  due  to  the  atomic  weight  of  antimony  being  taken  as  129.    If  the  more 
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The  common  value  of  P,  As,  and  Sb  would  appear  to  be  about  27 ;  that 
of  Si,  Ti,  and  Sn  about  35.  But  on  examining  the  details  of  the  observa- 
tions, it  becomes  evident  that  this  conclusion  is  not  strictly  borne  out  by 
the  results;  the  numbers  obtained  for  the  individual  members  of  the 
group  differ  in  many  cases  considerably  from  the  common  value,  the 
divergences  being  far  wider  than  could  arise  from  errors  of  observation, 
either  in  the  determination  of  the  physical  constants  or  in  the  estimation 
of  the  atomic  weights  of  the  constituent  bodies.  In  fact  the  order  of 
the  divergences  would  seem  to  render  it  probable  that  the  specific  volumes 
of  the  several  members  of  a  family  of  elements  increase  with  their  atomic 
weights. 

In  a  former  communication  to  the  Boyal  Society  I  have  given  the  results 
of  a  series  of  observations  on  the  specific  gravities,  boiling-points,  and 
rate  of  expansion  of  certain  liquid  chlorides  of  phosphorus*.  Since  Boscoe 
has  shown  that  vanadium  is  a  member  of  the  phosphorus  group  of  ele- 
ments, it  has  appeared  to  me  that  a  comparison  of  the  specific  volumes 
of  the  analogously  constituted  phosphoryl  and  vanadyl  trichlorides  might 
serve  to  throw  additional  light  on  this  question  of  the  relation  of  the 
specific  volumes  of  the  members  of  a  family  of  elements  to  their  atomic 
weights. 

Methods  of  ohservation.-^-A.  detailed  account  of  the  methods  of  observa- 
tion and  of  reduction  and  calculation  employed  in  this  series  of  researches 
is  reserved  for  a  subsequent  communication ;  but  in  order  to  render  certain 
of  the  data  given  in  this  paper  more  intelligible,  it  may  be  desirable  to 
state  that  the  rates  of  expansion  of  the  various  liquids  have  been  deter- 
mined in  thermometer-shaped  vessels  (dilatometers),  graduated  and 
accurately  calibrated.  The  readings  were 'made  with  a  telescope  provided 
with  a  micrometer  eyepiece.  Three  series  of  thermometers  were  em- 
ployed, two  of  which  were  obtained  from  Mr.  Qasella,  and  the  third  from 
Dr.  Teissier,  of  Bonn ;  for  a  description  of  these  instnunents  I  refer  to 
the  paper  by  Prof.  Eucker  and  myself  on  the  "  Expansion  of  Sea-water 
by  Heat ''t. 

All  observations  of  temperature,  unless  otherwise  stated,  are  converted 
into  air-thermometer  degrees  by  means  of  Begnault's  and  Becknagel's 
Tables  t*  In  the  determination  of  the  boiling-points  the  bulb  of  the 
thermometer  was  placed  in  the  vapour  of  the  liquid.  I  mention  this  fact 
as  serving  to  account  for  the  discrepancy  in  the  numbers  given  by  Pierre 
and  myself,  Pierre's  observations  being  made  with  the  bulb  in  the  liquid. 

probable  niunber  122*3  (Dexter,  Keesler)  be  adopted,  the  Bpecific  yolume  is  found  to 
approximate  more  nearly  to  that  of  phosphorus  and  arsenic ;  at  least  the  Tariationfrom 
the  mean  value  for  the  two  last-named  elements  is  less  than  the  difference  between  the 
specific  Tolumes  of  tin  and  titanium,  which  are  regarded  by  Kopp  as  practically  identical. 

*  Proc.  Roy.  Soo.  toI.  xxiii.  p.  364.    Ber.  Deut.  Chem.  Gesell.  1875,  p.  326. 

t  AnU,  p.  159. 

t  WiUlner's  Lehrbuch  der  Physik.     Pogg.  Ann.  cxxiii.  p.  115. 
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Due  precaution  was  taken  to  ensure  regular  ebullition  and  to  prevent  over- 
heating.  In  correcting  the  indications  of  the  thermometer  for  the  cooled 
portion  of  the  column,  I  have  made  use  of  a  special  series  of  observatioDS 
to  obtain  the  value  of  2  in  the  well-known  expression 

in  which 

<=sthe  observed  temperature  on  the  thermometer, 

^ssthe  mean  temperature  of  the  cooled  column, 

nssthe  length  of  column,  measured  in  degrees,  possessing  the 

temperature  t\ 
2s a  constant,  usually  taken  as  '000154,  i,  e,  the  value  of  the 
apparent  expansion  of  mercury  in  glass  for  1°, 

since  it  is  evident,  as  pointed  out  by  Holtzmann  and  by  Wiillner  and 
Landolt^,  that  by  taking  2=s'000154  the  results  are  over-corrected  when 
n  is  small.  The  barometric  observations  are  corrected  and  reduced  by 
the  aid  of  Schumacher's  Tables.  The  corrected  boiling-points  are  reduced 
to  the  uniform  pressure  of  760  millims.  by  means  of  the  formula 

0-0375^(760-A), 

in  which  h  is  the  actual  height  of  the  barometer  at  the  time  of  observation. 
As  is  well  known,  this  expression  does  not  afford  absolutely  accurate 
results,  since  the  relation  of  the  boiling-point  to  pressure  differs  with 
each  liquid ;  nevertheless  the  results  are  more  nearly  comparable  by  adopt- 
ing it  than  by  neglecting  it  altogether.  In  one  or  two  cases  I  have  re- 
duced the  indications  by  the  aid  of  data  derived  from  vapour-tension 
observations  when  these  have  been  to  hand,  the  difference  between  the 
results  thus  afforded  and  those  obtained  by  means  o£  the  formula  above 
given  has  never  exceeded  0°-05  C. ;  hence  we  may  assume  that  for  the  ordi- 
nary range  of  barometric  pressure  the  formula  is  generally  applicable. 

The  specific  gravities  of  the  various  liquids  were  taken  at  the  tempe- 
rature of  melting  ice,  and  are  compared  with  water  at  4^.  The  weighings 
were  made  by  the  method  of  vibrations,  and  are  reduced  to  a  vacuun^* 
The  results  thus  obtained,  and  also  those  calculated  for  the  boiling-points, 
express  the  weights  in  grams  of  1  cubic  centimetre  of  the  several  liquids 
at  these  temperatures.  The  values  given  for  the  specific  volumes  indicate 
therefore  the  volume  in  cubic  centimetres  of  equivalent  weights  in  grams 
of  the  respective  liquids  at  their  boiling-points. 

I.  PhospTioryl  Trichloride. 

Prepared  by  heating  phosphorus  pentachloride  with  phosphorus  pent- 
oxide.  The  product  commenced  to  boil  at  107^,  the  gr^Eiter  portion 
distilling  at  107^*5  (uncor.),  under  a  barometric  pressure  of  755*2  millimF. 
Since  this  boiling-point  is  about  2^*5  lower  than  that  usually  assigned  to 

*  Ann.  der.  Ohem.  u.  Pbarm.  Suppl.  1867-68,  p.  140. 
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this  compound,  I  solidified  the  chloride  in  a  freezmg-miztare  of  ice  and 
salt,  allowed  it  to  melt  partially,  and  poured  away  the  liquid  portion. 
ThiB  operation  was  repeated  several  times  in  order  to  remove  any  tri- 
chloride which  might  possibly  be  present.  The  boiling-point  of  the 
chloride  was,  however,  unaltered  by  this  treatment ;  the  liquid  distilled 
completely  between  107^  and  107^*5,  the  greater  portion  boiling  at 
107^*30,  under  a  pressure  of  751  nullims.  Corrected  and  reduced  boil- 
ing-point 10r*-23. 

A  second  preparation  made  by  Gterhardf  s  method,  t.  e.  by  heating  phos- 
phorus pentachloride  with  crystallized  boric  acid,  boiled  at  107^*4,  under 
a  pressure  of  765  millims.    Corrected  boiling-point  107^*22. 

The  first  sample  was  analyzed  with  the  following  results : — 

I.  Weight  of  POCl,  in  vacuo    1-3156  gram. 

Weight  of  Aga      3-6907  grams. 

n.  Weight  of  POCl,    „        1-4364  gram. 

Weight  of  AgCl      „       4*1064  grams. 

Found. 

Oaloulatei  ^ * s 

I.  n. 

Chlorine 69-36  per  cent.  69-37        69-39 

Three  determinations  of  specific  gravity  made  with  different  bottles 
gave  the  following  numbers : — 

1 1-71185 

n 1-71189 

m 1-71182 

Mean  1-71185  at  0® 

compared  with  water  at  same  temperature ;  compared  with  water  at  4^ 
the  specific  gravity  is  1-71163. 

The  rate  of  expansion  of  phosphoryl  trichloride  from  0^  to  its  boiling- 
point  may  be  accurately  represented  by  the  expression 

V«14. 0-001 064  309<+ 0-000  001 126  66<* 
+0-000  000  005  299e«. 
By  means  of  this  formula  the  following  Table,  showing  the  true  volume 
of  phosphoryl  trichloride  at  every  10®  between  0®  and  110**,  has  been  cal- 
culated:— 


"C. 

Volume. 

Diff. 

"C. 

Volume. 

J>itt. 

0 

100000 

70 

108184 

1278 

10 

101076 

1076 

80 

109507 

1323 

20 

102178 

1102 

90 

110878 

1371 

30 

103309 

1131 

100 

112300 

1422 

40  . 

104471 

1162 

110 

113776 

1476 

50 

105669 

1198 

60 

106906 

1237 

107-23 

1-133615 
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The  Bpedflc  grayity  of  phosphoryl  trichloride  at  107°*23  is  r50987; 
hence  its  specific  voluine=---^^=101'58. 

The  specific  gravity  of  this  compound  at  10°,  at  51°,  and  at  its 
boiling-point  has  already  been  determined  by  H,  L.  BufE*.  The  results 
of  his  observations,  compared  with  mine  for  the  above  temperatures,  are 
given  below ;  the  specific  gravities  are  compared  with  water  at  0°. 


10° 


61** 


Boiling-point. 

Buff 1-6937        1-6494  (?  1-6194)        1-6090  (110°) 

Thorpe     ....  1-6936        1-6181  1-51008  (107^-23) 

The  specific  volume  of  phosphoryl  trichloride,  calculated  from  Buff's 
numbers,  is  101*6. 

n.  VancuJlyl  Trichloride* 

This  compound  was  prepared  by  heating  vanadium  trioxide,  obtained 
by  reducing  the  pentoxide  by  means  of  hydrogen  gas,  in  a  stream  of  dry 
chlorine.  I  am  indebted  to  Dr.  Boscoe  for  the  pentoxide;  it  was  a 
portion  of  the  sample  employed  by  him  in  determining  the  atomic  weight 
of  vanadium,  and  had  been  prepared  with  great  care ;  it  was  beautifully 
crystalline  and  of  a  magnificent  ruby-red  colour  t.  In  order  to  free  the 
vanadyl  trichloride  from  dissolved  chlorine,  it  was  maintained  at  a  tem- 
perature near  its  boiling-point  for  a  couple  of  hours  in  a  current  of  dry 
carbon  dioxide.  The  chloride  was  distilled  into  the  flask  in  which  its 
boiling-point  was  to  be  determined.  Therm.  Casella  0.  The  liquid 
commenced  to  boil  at  127°-2 ;  the  column  rapidly  rose  to  127°-3,  at  which 
point  it  remained  constant.  n=10°,  ^=30°.  Bar.  764-5  millims. 
Correction  for  scale-error  on  thermometer  —  0°-15.  Corrected  boiling- 
point  127°-29.    Corrected  and  reduced  boiling-point  127^-19. 

The  results  obtained  with  the  dilatometer  may  be  represented  by  the 
formula 

V=l+0-000  965  236e+0-000  000  898  26t^ 

+0-000  000  003 191  63 «", 
by  means  of  which  is  calculated  the  following  Table,  showing  the  true 
volumes  of  vanadyl  trichloride  for  every  10°  between  0°and  130° :— 


"C. 

Volume. 

Diff. 

"0. 

Tolume. 

Diff. 

0 

100000 

80 

108460 

1154 

10 

100975 

975 

90 

109647 

1187 

20 

101969 

994 
1016 

100 

110870 

1223 

30 

102985 

110 

112129 

1259 

40 

104025 

1040 

120 

113428 

1299 

50 

105091 

1066 

130 

114767 

1339 

60 

106184 

1093 

70 

107J.06 

1122 

127-19 

1-143867 

•  Ann.  Ohem.  Phann.  BnppL  toI.  ir.  p.  184.  t  Phil  Tnm*.  1867,  p.  1. 
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The  mean  of  three  experiments  gives  the  specific  gravity  of  vanadyl 
trichloride  at  0°,  compared  with  water  at  4°,  as  1 '86527.  Boscoe  found 
126°'7  for  the  boiling-point  of  this  compound,  and  for  its  specific 
gravity 

1-841  at  14^-5   reduced  1-8655  at  O*' 
1-836  at  ir*-5        „       1-8653    „ 
*  1-828  at  24^  „       1-8665    „ 

The  reduced  sp.  gr.  (S^)  in  this  and  the  following  cases  has  been  calcu- 
lated by  means  of  the  expression 

in  which 

S| = the  sp.  gr.  at  the  higher  temperature  ^, 

V'sthe  volume  of  the  liquid  at  f,  obtained  by  the  interpolation 

formula. 
V  =  volume  of  the  water  at  t  (vol.  at  4*^=  1),  obtained  from  Bossetta's 

Tables*. 

The  indications  of  the  dilatometer  have  been  controlled  by  detennining 
the  degree  of  expansion  suffered  by  the  vanadyl  trichloride  on  being 
heated  in  the  specific-gravity  bottle  from  0^  to  near  100^,  t.  e.  in  the  steam 
from  boiling  water.    The  details  of  the  experiments  are  as  follows : — 

Experiment  I.  Weight  of  VOCl,  at  10°  in  vacuo  7-15114  grams. 
Weight  of  YOCI,  in  vacuo  after 
having  been  heated  to  100°-37. 

Bar.  770-3  millims 6-46541    „ 

Expansion  of  glass  for  1° -00002633 

Hence  10,000  vols,  at  O*'  become  at  100°-37— 

Observed 11090 

Calculated  from  formula 11091 

Experiment  11.  Weight  of  VOCl,  at  0°  in  vacuo  7-15156  grams. 
Weight  of  VOa,  in  vacuo  after 

having  been  heated  to  100°-10. 

Bar.  762-9  millims 6-46736    „ 

Expansion  of  glass  for  1° -00002633 

Hence  10,000  vols,  at  0°  become  at  100*^-10— 

Observed   11087 

Calculated  from  formula 11088 

The  agreement  between  the  results  is  satisfactory.  The  control  is 
important,  since  it  might  be  supposed,  from  Matthiessen's  criticism  of 
Kopp's  observations  on  the  expansion  of  water,  that  the  dilatometric 

*  Ann.  de  Ohim.  et  de  Phys.  x.  1867,  xWi,  1869.  Mmxi  retnlto  of  the  oUerTtticni 
of  Kopp,  Pierre,  Deepret*,  Haagen,  MatthiesMD,  WcKber,  Eremen,  and  Acweetti. 
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method  of  detenniniiig  the  expansion  of  liquids  tends  to  give  low 
results*. 

The  specific  gravity  of  vanadyl  trichloride  at  127^-19  is  1'63067; 

hence  its  specific  volume  is  i.^ongy  **  106'54. 

It  is  thus  evident  that  the  specific  volumes  of  vanadyl  and  phosphoryl 
trichlorides  are  not  equal;  the  compound  with  the  higher  molecular 
weight  has  the  greater  specific  volume. 

In  the  communication  on  the  chlorides  of  phosphorus  already  referred 
to,  it  is  shown  that  if  we  assume,  as  appears  in  the  highest  degree  pro- 
bable, that  there  is  a  relation  between  the  manner  in  which  the  oxygen 
atoms  in  a  compound  are  held  in  union  and  their  specific  volume,  it 
follows  that  the  oxygen  atom  in  POCl,  possesses  the  smaller  of  the  two 
values  12-2  and  7*8  assigned  by  Kopp  to  oxygen,  and  accordingly  that 
this  atom  is  attached  to  the  phosphorus  by  only  one  combining  unit. 

Thus 

a 


i. 


'— 0— a 

showing  that  the  phosphorus  atom  in  phosphoryl  trichloride  possesses 
the  same  atomic  value  as  in  phosphorus  trichloride. 

As  the  difference  between  the  two  values  for  the  volume  of  oxygen, 
viz.  12*2— 7*8=4*4,  is  but  little  less  than  that  between  the  specific 
volumes  of  VOCl,  and  POa„  viz.  106*54 —101*58 =4*96,  it  is  possible 
that  the  difference  in  the  specific  volumes  of  the  two  liquids  may  be  due 
to  the  different  manner  in  which  the  oxygen  atoms  are  united  to  the 
vanadium  and  phosphorus  atoms;  for,  if  Y  be  regarded  as  a  pentad, 
VOa,  must  be  written 

a 
a— v=o 


A, 


the  oxygen  atom  having  the  value  12*2.  Assuming .  Eopp's  value 
for  CI,  viz.  22'8,  this  would  leave  for  F  and  Y  nearly  the  same  specific 
volume,  viz. 

P... 25-4 

V 25*9 

From  the  uncertainty  respecting  the  particular  volume  to  be  assigned 
to  the  oxygen  atom  in  vanadyl  trichloride,  our  knowledge  of  the  specific 
volumes  of  VOCl,  and  POCl,  gives  us  little  aid  towards  solving  the 
question  whether  the  several  members  of  a  family  of  elements  have 
identical  specific  volumes. 

•  Phil.  Tranf.  1866.  t  V=61*35,  Boecoe ;  01=36-46,  Stat. 
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With  a  view  to  obtain  further  eyidenoe,  I  have  redetermined  with 
special  care  the  boiling-points,  specific  gravities,  and  rates  of  expansion 
of  the  tetrachlorides  of  silicon,  titanium,  and  tin. 

The  atomic  weights  o£  Si  and  Ti  and  of  P  and  Y  show  about  the  same 
gradational  difference : — 

Si 28-10  P 31-00 

Ti 60-00  V 61-35 

And  since  the  tetrachlorides  are  free  from  oxygen,  the  uncertainty 
arising  from  the  variable  specific  volume  of  that  element  is  eliminated.  I 
have  also  compared  the  specific  volumes  of  the  trichlorides  of  phosphorus, 
arsenic,  and  antimony,  making  use  of  Kopp's  determination  in  the  case 
of  the  last-named  compound.  We  thus  obtain  material  for  the  discussion 
of  the  question  from  imalogous  derivatives  of  two  well-defined  groups  of 
elements,  viz. : — 


8i 

. . .     28-10 

P 

. . .     31-00 

Ti 

. . .     60-00 

V 

. . .     61-35 

Afl    ... 

. . .     75-16 

Sn    ... 

...  118-10 

Sn   ... 

...  122-30 

III.  Silicon  Tetracfdoride, 

This  compound  was  prepared  in  the  ordinary  way  by  heating  a  mixture 
of  pure  silica  and  lampblack  (previously  ignited  in'  chlorine)  in  a  current 
of  dry  chlorine  gas.  The  product  was  distilled  repeatedly  over  sodium. 
It  boiled  constantly  between  58°  and  58°-3,  the  greater  portion  coming 
over  at  58°-2. 

Corrected  boiling-point  57°'95.  Bar,  705-35  millims.  Corrected  and 
reduced  boiling-point  57°-57. 

Its  specific  gravity  at  0°,  compared  with  water  at  4°,  is  1-52408. 
Other  observations  on  record  are : — 

Boiling- 
point, 
o 

Pierre*  ....   50-0 
Eeguaultt..   50-81 
Haagent    ..   580 

?Mendelojeff    

Mendelejeff§ 

Two  scries  of  observations  of  the  expansion  of  silicon  tetrachloride 
were  made.  The  results  of  the  first  series  may  be  accurately  represented 
by  the  formula 

Y  =  1  +  0-001  337  14  f  +  0-000  002  018  01  f'* 

+  0-000  000  003  907  02 /\      ...  (I.) 

»  Ann.  de  Chim.  et  de  Phys.  rr.  [3],  p.  26. 

t  From  vapour -tension  obserrations.  \  Pogg.  Ann.  czzxi.  p.  117. 

§  Jahresbericht,  xiii.  p.  7. 


Barom. 
millim. 

700-1 
700-0 
750-0 

Sp.  gr. 
1-52371  at  0° 

1-4878    at  20° 
1-50008  at  10°- 
1-4928    at  15° 

98 

Compared  with 
water  at  4^. 

1-52371  at  0 

1-52044     „ 
1-52200     „ 
1-52230     „ 
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The  second  series  of  obseryations  may  with  equal  accuracy  be  repre- 
sented by  the  expression 

V=l+0-001 324  76<  +  0-000  003  001  64<' 

+  0-000  000  000  405  611  «•. .    .    .  (H.) 
The  mean  formula  is 

V«  1 + 0-001 330  946  <  +  0-000  002  809  78  <» 

+  0-000  000  002 156  57e«,  .  .  (HI.) 
by  the  aid  of  which  the  following  Table,  showing  the  true  volumes  of 
silicon  tetrachloride  for  every  5^  between  (f  and  60®,  has  been  cal- 
culated:^ 


0  0. 

Volume. 

Diff. 

«>0. 

YoIaiiiA. 

DiC 

0 

100000 

40 

105787 

775 

6 

100673 

673 

45 

106678 

791 

10 

101369 

686 

60 

107384 

806 

15 

102060 

701 

66 

108206 

822 

20 

102776 

716 

60 

109044 

838 

26 

103606 

730 

SO 

104262 

746 

67-57 

1-086346 

85 

106012 

760 

The  specific  gravity  at  the  boiling-point  is  1*40295,  and  the  specific 

Pierre  has  given  the  following  expression  for  the  expansion  of  this 
liquid  t: — 

7=1+0-001 294 119  069<+-000  002 184 143  631<» 

+-000  000  040  864  220e«. 
This  formula  represents  a  curve  slightly  differing  in  character  from 
that  afforded  by  my  observations,  as  is  evident  from  the  following  com- 
parison.   The  temperature  in  this  and  the  following  comparisons  is 
given  in  degrees  of  the  mercurial  thermometer. 

IQ9  209  SO"*  4fP  5(P 

Pierre   ....   1-01320      1-02708      1-04189      1-05804      1-07527 
Thorpe  ....  1-01349      102757      1-04226      1-05756      1-07352 

The  specific  volume  of  silicon  tetrachloride,  calculated  from  Pierre's 
u     •  169-94      -^-^^ 

™^**'^  r39502"^^^^^' 

IV.  Titanitm  TetraMoride. 
I  am  indebted  to  Mr.  Phillips  Bedson,  B.Sc.,  of  Owens  College,  for  a 
liberal  supply  of  a  pure  specimen  of  this  liquid.    On  distillation  it  com- 
menced to  boil  at  135^-8;  the  column  rapidly  rose  to  135^-9,  at  which 
*  Si==28'ia  DunM;  01-95*46^  Stat.  i  Loe.eii. 
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point  the  liquid  boiled  constantly.  t=sld&^*d,  nr»19®«9,  t'a=24°-o. 
Bar.  762'6  millims.  Corrected  boiling-point  136°*03,  Corrected  and 
reduced  boiling-point  136®'41. 

Its  specific  gravity  at  0°,  compared  with  water  at  4°,  was  found  to  be 
1*76041.  According  to  Pierre  titanium  chloride  boils  lat  136°  under  a 
pressure  of  762*3  millims.,  and  has  a  specific  grayitj  of  1*76088  at  0° 
compared  with  water  at  4°*. 

Observations  with  the  dilatometer  have  led  to  the  formula 

V«l+0*000  982  Q12t  +  0*000  000  505  528<» 

+  0*000  000  005130  52*', 

by  means  of  which  the  following  Table  has  been  calculated : — 


"0. 

Volume. 

Diff. 

"0. 

Volume. 

IMir. 

0 

100000 

90 

109627 

1180 

10 

100988 

988 

100 

110845 

1218 

20 

101990 

1002 

110 

112103 

1258 

30 

103007 

1017 

120 

113406 

1303 

40 

104044 

1087 

130 

114756 

1360 

60 

105104 

1060 

140 

116156 

1399 

60 

106189 

1085 

70 

107302 

1113 

136-41 

1-156467 

80 

108447 

1145 

The  sped£[c  grayity  of  the  liquid  at  136'''41  is  1*52223,  and  the  specific 

^•«l""'«=rBlS^=126.026. 

According  to  Pierre  the  expansion  of  titanium  tetrachloride  may  be 
represented  by  the  formula  t 

V«l+0*000  942  569  004*  +  0*000  001 345  791  937 1» 

+  0*000  000  000  888  044  «*, 
which  gives  results  agreeing  well  with  those  afforded  by  my  observations, 
as  the  following  comparison  shows : — 

1*06159 
1*06169 


30° 
Pierre 1*02951 


Thorpe   1*02989 


90^ 
1*09638 
1*09621 


120° 
1*13402 
1*13414 


The  specific  volume  of  titanium  chloride,  calculated  from  Pierre's 

results,  is  =-=^5-pr^=125*867. 
'      1*52415 

V.  Tin  TetraeMoride. 

Prepared  by  heating  pure  tin  in  a  current  of  dry  chlorine  and  expelling 
the  dissolved  gas  by  repeated  distillation  in  a  stream  of  dry  carbon 


♦  Loe.  eit  p.  21. 
X  loe,  cit.  p.  20. 


t  Ti=60-00,  Pierre;  01:=:a6-46,  Stas. 
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dioxide.  The  liquid  oommenoed  to  boil  at  113^-4 ;  the  column  quickly 
rose  to  113^*5,  and  then  slowly  to  113^*55,  between  which  points  nearly 
the  entire  amount  passed  oyer.  <a  113^*55,  ns 6^*55,  ('=24^*5.  Bar. 
750-8  millims.  Corrected  boiling-point  113^*50.  Corrected  and  reduced 
boiling-point  113°'89. 

Its  specific  grayity  at  0%  compared  with  water  at  4®,  was  found  to  be 
2*27875.    Other  observers  haye  found : — 

Boiling-point.     Bar.  8p.  gr.  compared 

o  millim.  with  water  at  4^  C. 

Pierre*   115-4  7531  2-26712 

Dumast 120  767  

Andrewst 112-5  752  

Haagen§ 112-0  754-9  2-2328  at  20*^=2-28137 

Two  independent  series  of  obseryations  on  the  rate  of  expansion  of 
the  tin  tetrachloride  were  made.  The  first  series  has  afforded  the 
formula 

V«l+0-001 161 13St  +  0-000  000  641 935 1» 

+  0-000  000  007  730  07t\  •..(!.) 

The  formula  giyen  by  the  second  series  is 

V=l+0-001 159  962«  +  0-000  000  650  399  ^ 

.    +0-000  00000772412^.    .    .(II.) 
The  mean  formula  is 

V=l+0-00116055«    +0-000  000  646  167  <* 

+  0-000  000  007  727 1**,  .  .  (HI.) 
by  means  of  which  the  following  Table,  showing  the  yolume  of  tin  tetra- 
chloride at  eyery  10^  between  0°  and  115^,  has  been  calculated : — 


"0. 

Volume. 

Diff. 

"O. 

Yolam.. 

Diff. 

0 

100000 

80 

. 110094 

1388- 

10 

101168 

1168 

90 

111532 

1438 

20 

102353 

1185 

100 

113024 

1492 

30 

103561 

1208 

110 

114576 

1652 

40 

104795 

1234 

115 

116376 

800 

50 

106061 

1266 

60 

107363 

1302 

113-89 

1151971 

70 

108706 

1343 

The  specific  grayity  at  113^-89  is  1-97813;  hence  the  specific  yolume  is 

?^?:?il' -131-407 
1-97813  -^^^^^• 


*  Loe.  eU.  p.  19.  t  Clarke's  Nat  Constants. 

)  Clarke's  Hat.  Constants.  §  Pogg.  Ann.  yoL  oxxxi.  p.  117. 

I  8n=11810,I)uioas;  a=35'46,  Stas. 
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Pierre  represents  the  expansion  of  this  liquid  by  the  equation* : — 

V=  1+0-001 132  800  769<  +  0-000  000  911  710  706<* 

+  0-000  000  007  579  789<», 

which  gives  results  somewhat  lower  than  those  a£Eorded  by  formula  III. 

20«.  40°.  eoo.  eo^.  kxp. 

Pierre....  1-02308      1-04726      1-07289      1-10034      1-12998 
Thorpe   ..  1-02347      1-04771      1-07340      1-10080      1-13024 

The  specific  Tolume  oi  tin  tetrachloride,  calculated  from  Pierre's  obser- 
259*94 

The  results  of  the  determinations  of  the  specific  volumes  of  the  tetra* 
chlorides  of  silicon,  titanium,  and  tin,  liquids  of  analogous  constitution 
and  all  deriyatiyes  of  the  tetrad  group  of  elements,  serve  to  establish  the 
conclusion,  indicated  by  the  difference  in  the  specific  volumes  of  phos* 
phoryl  and  vanadyl  tridilorides,  that  the  specific  volumes  of  the  several 
members  of  a  fiunily  of  elements  are  not  identical,  but  thai  the  values 
increase  with  the  increase  of  the  atomic  weight  of  the  members. 

Moleonlar  Spedfio 

weight.  volume. 

Sia^ 169-94  121-13 

Tia^ 191-84  126-03 

SnCl^    259-94  131-41 

It  is  also  noteworthy  that  the  difference  between  the  specific  volumes 
of  tin  and  titanium  tetrachlorides  is  almost  the  same  as  the  difference 
between  the  specific  volumes  of  vanadyl  and  phosphoryl  trichlorides ;  it 
has  already  been  remarked  that  the  difference  between  the  atomic  weights 
of  vanadium  and  phosphorus  is  nearly  the  same  as  that  between  the 
atomic  weights  of  titanium  and  silicon. 

Mol.  weight.      DiiE  8peo.vol.        Diif. 

POCl 153-38  101-58 

VOct 173-73        ^^^^        106-54       ^  ^^ 

Sia, 169-94  121-13 

TiCl,    191-84        ^^^"        126-03        ^^^ 

It  would  seem  from  this  that  the  constitution  of  vanadyl  trichloride  is 
similar  to  that  of  the  phosphoryl  compound,  and  must  therefore  be  ex- 
pressed by  the  formula 

a 


I. 
1 


'— 0— a 


in  which  Y  appears  as  a  triad,  the  oxygen  atom  having  the  same  specific 

*  Zotf.  ctV.  p.  20. 
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Tolame  as  in  phospboiyl  trichloride.  On  the  other  hand,  the  order  of  the 
divergences  shown  by  P,  As,  and  Sb  (vide  infra),  would  appear  to  indi- 
cate that  y  may  be  pentad  in  this  compound,  whence  0  would  have  the 
Tolume  12*2. 

Comparison  of  the  specific  volumes  of  PC1„  AsCl,,  and  SbCl, : — 

VI.  Phosphorus  Trichloride, 
I  prepared  this  compound  by  heating  purified  amorphous  phosphorus 
in  dry  chlorine  gas.  The  reaction  is  very  regular,  and  large  quantities 
of  the  liquid  may  be  thus  obtained  with  great  ease  and  rapidity.  The 
product  was  digested  with  ordinary  phosphorus  for  some  weeks  to  remove 
the  last  trace  of  free  chlorine.  On  distillation  the  liquid  commenced  to 
boil  at  76^*05,  and  all  came  over  below  76^*25,  the  most  constant  point 
appearing  to  be  at  76^-15.  n=18°-2,  f=26°-0.  Bar.  768-2  millims. 
Corrected  and  reduced  boiUng-point  75^*95.  Two  determinations  of 
specific  gravity  gave — 

1 1-61290 

n 1-61299 

Mean 1-61294  at  0^ 

compared  with  water  at  0** ;  compared  with  water  at  4^  its  specific  gravity 

is  1-61276. 

Other  observers  have  found  for  the  boiling-point  and  specific  gravity 

of  phosphorus  trichloride : — 

B.P.  Bar.  Sp.  gr.  at  0®  oom- 

o  millim.  pared  with  water  at  A?, 

Pierre* 78-34        751-5  1-61616 

H.L.BufEt  ..  76-0  760-0        1-61191  at  0°t      1-61170 

Haagen§    ....  76-0  745-9        1-5774  at  20^        1-61165 

The  observations  with  the  dilatometer  have  led  to  the  formula 

V«l +0-001 139  S7t  +  0-000  001  668  07t* 
+  0-000  000  004  012<«, 

by  means  of  which  the  following  Table,  showing  the  true  volume  of  phos-* 
phorus  trichloride  at  every  10°  between  0°  and  80°,  has  been  calculated :— 


•0. 

Yolame. 

Diff. 

"C. 

Yolame. 

Siff. 

0 

100000 

50 

106164 

1314 

10 

101156 

1156 

60 

107523 

1359 

20 

102349 

1193 

70 

108931 

1408 

80 

103579 

1230 

80 

110388 

1457 

40 

104850 

1271 

75-90 

1-09784 

•  Loe.  eii,  p.  9.        t  Ann.  der  Chem.  und  Pharm.  Suppl.  vol.  iv.  p.  184. 
X  Mean  of  1-61253  and  1*61128,  compared  with  water  at  0^.        §  Loe.  cit. 
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SO". 

70". 

103513 

1-06086 

1'08943 

1-03557 

1-06138 

1-08911 
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The  specific  gravity  at  75^-90  is  1-46900,  and  accordingly  the  specific 
volume  is  l^?=93-52. 

Pierre  has  found  that  the  expansion  of  phosphorus  chloride  may  be 
represented  by  the  formula^ 

V= 1+0-001 128  618  932^+  0-000  000  872  880  045t« 

+  0-000  000  017  923  SfiSt*, 

which  gives  results  agreeing  fairly  well  with  those  calculated  by  means 
of  the  expression  deduced  from  my  observations. 

10«. 

Pierre 1-01139 

Thorpe    1-01147 

The  specific  gravity  of  phosphorus  trichloride  at  various  temperatures 
has  also  been  determined  by  Buff  t.  The  results  of  the  several  observa- 
tions are : — 

Sp.  gr.  at  B.P.  B.P.  Spec  toL 

Buff 1-47102  76-0  93-39 

Pierre 1-46601  78-34  93-71 

Thorpe    ....  1-46900        .    76-90  93-62 

Mean  93-64 
yil.  Arsenic  Trichloride. 

This  compound  was  obtained  by  heating  arsenic  trioxide  in  a  current 
of  dry  chlorine.  It  was  distilled  upwards  in  a  current  of  dry  carbon  di- 
oxide for  some  time  in  order  to  expel  the  excess  of  chlorine.  Care  is 
necessary  to  obtain  a  perfectly  clear  product;  the  least  trace  of  moisture 
renders  the  liquid  turbid  from  the  formation  of  the  insoluble  oxychloride, 
AsClO.  On  distillation  the  liquid  commenced  to  boil  at  129^-23,  and  all 
came  over  below  129^-33,  the  greater  portion  boiling  at  129^-30.  n= 
16%  ^'=15°-6.  Bar.  733-4  millims.  Corrected  and  reduced  boiling-point 
130°-21. 

Its  specific  gravity  at  8^-08,  compared  with  water  at  the  same  tempe- 
rature, was  2-18761 ;  compared  with  water  at  4°  its  specific  gravity  is 
found  to  be  2-20600. 

Other  observers  have  given  for  the  boiling-point  and  specific  gravity  of 
arsenic  trichloride — 

B  P  Bar  ^P'  ^*  ^^P^'^  ^^^ 


• 


millim.  water  at  4°. 


Pierre 133-81       765-9        2-20495  at  0° 

Haagen 128-0        754-0       2-1668  at  20°      2-20671    „ 

*  Loc,  oit.  p.  10.  The  third  term  is  erroneously  printed  00000179  .... 
t  Loc.  cii. 
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The  observations  with  the  dilstometer  hare  afforded  the  formula 

V  » 1  +  0-000  991  338  5t  +  0-000  000  849  Ue 

+  0-000  000  002  766  08<», 
by  the  aid  of  which  the  following  Table  is  obtained ;  it  shows  the  yolume 
of  arsenic  trichloride  at  every  10°  between  0®  and  130®,  the  volume  at  0** 
being  taken  as  100,000. 


•0. 

Volume. 

Siff. 

•0. 

Tolume. 

Diff. 

0 

100000 

80 

108615 

1165 

10 

101000 

1000 

90 

109811 

1196 

20 

102019 

1019 

100 

111038 

1227 

30 

103058 

1039 

110 

112299 

1261 

40 

104119 

1061 

120 

113695 

1296 

60 

105203 

1084 

130 

114928 

1333 

60 

106313 

1110 

70 

107460 

1137 

130-21 

114956 

The  specific  gravity  of  arsenic  trichloride  at  130^-21  is  1*91812 ;  hence 
its  specific  volume  is  i|l^  =94-64. 

Pierre  represents  the  expansion  of  this  liquid  by  the  expression  t 

V=l  +0-000  979  072  746<+0-000  000  966  948  2^ 

+0-000  000  001 777  204<", 

which  gives  results  uniformly  lower  than  those  afforded  hy  my  observa- 
tions : — 

80*».  60°.  90°.  120». 

Pierre 1-03029        1-06261         1-09724        1-13448 

Thorpe  ....   1-03040        1-06296        1-09806        1-13602 

The  specific  volume  of  arsenic  trichloride  deduced  from  Pierre's  numbers 

isi?2L^«94-891. 
1-91304 

Vni.  Antimontf  Trichloride. 

The  rate  of  expansion  of  this  compound  has  been  determined  by  Kopp, 
who  has  given  the  following  formuhi  to  express  his  observations  t : — 

V=l+0-000  80648+0-000010  33«*, 
in  which  Ib  the  number  of  degrees  above  the  melting-point  of  the  body, 
73*^-2  (Kopp).    According  to  Kopp  antimony  trichloride  boils  at  223^, 
under  a  pressure  of  747*7  millims.    Beduced  boiling-point  223^-6.    Its 
Bpedfic  gravity  at  73^-2,  compared  with  water  at  4^  is  2*6763 ;  at  223^-6 

228-68  §_ 
2-3377 


it  is  2-3377.    Accordingly  its  specific  volume  > 


»97-82. 


•  A«-7616,  Eenler;  a-86*46,  StM.  i  Loo.eit, 

X  Ann.  der  Ohem.  und  Phann.  vol.  zor,  p.  S60. 
f  8bsl223,KeMler,  Dexter;  Clsd6-46,  Staa. 
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The  numbers  represeniang  the  specific  yolumes  of  the  trichlorides  of 
phosphorus,  arsenic,  and  antimony  exhibit  a  gradational  order  similar  to 
that  shown  by  the  volumes  of  the  tetrachlorides  of  silicon,  titanium,  and 
tin,  and  also  by  the  specific  volumes  of  phosphoryl  and  vanadyl  trichlo- 
rides:— 

Mol.  weight.         Bpeo.  toL 

pa, 137-38  93-54 

AsCl,  181-53  94-64 

SbCl,   228-68  97-82 

although  the  differences  are  much  less  than  in  the  cases  of  the  two  latter 
groups.  I  intend  to  return  to  the  question  in  subsequent  communica- 
tions. 


II.  ''  Researches  npon  the  Specific  Volumes  of  Liquids.''  By  T. 
E.  Thoepb,  Ph.D.,  P.R.S.E.,  Professor  of  Chemistry  in  the 
Yorkshire  College  of  Science^  Leeds.  Communicated  by  Prof. 
A.  W.  Williamson^  For.  Sec.  B.S.  Received  February  9, 
1876. 

in.  On  the  Specific  Volumes  of  Bromine  and  Iodine  MonocMoride^ 
and  of  Ethene  Bromide  and  Eihene  Chloriodide. 

The  molecular  weight  of  bromine  is,  as  is  well  known,  nearly  equal  to 
the  arithmetic  mean  of  the  molecular  weights  of  chlorine  and  iodine: 
hence  the  molecular  weights  of  bromine  and  of  iodine'monochloride  (I  G) 
are  nearly  identical.  These  substances  closely  resemble  each  other  in 
physical  properties*  Both  are  dark-red  liquids  about  three  times  heayier 
than  water.  Bromine  boils  at  about  59°-5,  and  solidifies  at  —24^-5; 
iodine  monochloiide  melts  at  +24°-5,  and  boils  at  101^:  the  interral 
between  the  boiling-  and  melting-points  of  the  two  compounds  is  approxi- 
mately equal. 

It  appeared  to  me  of  interest  to  determine  (1)  if  the  specific  yolumes 
of  these  liquids  exhibit  a  relation  similar  to  that  which  is  shown  by  theii 
molecular  weights,  and  (2)  if  the  relation  in  their  specific  yolumes  is 
preseryed  in  analogous  combinations  of  the  two  bodies.  I  haye  accord- 
ingly determined  the  specific  grayities,  boiling-points,  and  rates  of  ex- 
pansion of  bromine  and  iodine  monochloride,  and  of  the  compound! 
which  these  substances  form  by  their  union  with  ethene,  C,H^.  Th( 
obseryations  will  also  serye  to  determine  if  bromine  and  iodine  mono 
chloride  preserye,  when  in  combination,  the  yolumes  which  ihej  possess 
in  the  free  state. 

I.  Bromine, 

About  a  kilogramme  of  the  purest  commercial  bromine,  dehydrates 
by  agitation  with  pure  and  strong  sulphuric  add,  was  carefully  distilled 
and  the  fraction  boiling  at  about  60^,  which  amounted  to  about  tw< 
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thirds  of  the  whole,  was  collected  separately.  .  A  portion  of  the  distiUate 
was  treated  with  milk  of  lime  and  ammonia,  and  the  resulting  calcium 
bromide  was  tested  for  iodine  in  the  usual  manner,  but  not  a  trace  was 
detected.  The  remainder  of  the  bromine  was  digested  with  powdered 
potassium  bromide  for  several  months,  again  distilled  and  agitated  with 
phosphoric  pentozide  to  remove  the  last  traces  of  moisture.  The  puri- 
fied bromine  boiled  constantly  between  59^*6  and  59^-7.  nsO,  t'=0. 
Barometer  (corrected  and  reduced)  765*2  millims.  Beduced  and  cor- 
rected boiling-point  59^*45.    In  degrees  of  air-thermometer  59^*27. 

A  determination  of  the  specific  gravity  of  the  bromine  gave  3*15787  at 
9^-17,  compared  with  water  at  the  same  temperature.  Its  specific  gravity 
at  0"",  compared  with  water  at  4°,  is  3*18828. 

Other  observers  have  found  for  the  specific  gravity  and  boiling-point 

of  bromine : — 

Boiling-point.  Specific  gravity. 

Pierre 63    at  760-02  3-18718  at  0. 

Andrews    58    „      ? 

Bolas  and  G-roves 59*6  „  751 

• 

The  observations  of  Balard  and  Lowig  are  not  given,  as  they  were  evi- 
dently made  with  bromine  containing  large  quantities  of  chlorine. 

The  observations  with  the  dilatometer  have  led  to  the  following  for- 
mula as  expressing  the  ezpaosion  o^  bromine  between  0^  and  its  boiling- 
point: — 

V=l+0-001  062  18<  +  0*000  001  877  141«* 

~  0*000  000  003  085  38  <•• 

By  the  aid  of  this  formula  the  following  Table  has  been  calculated. 
It  shows  the  true  volunje  of  bromine  at  every  6°  between  OP  and  60°,  the 
volume  at  (P  being  taken  as  100,000. 


1  .c. 

Volume. 

•  Diff. 

»C. 

Volume. 

Diff. 

0 

100000 

40 

104529 

595 

i  ■  5 

100536 

536 

45 

105132 

603 

■   10 

101081 

545 

50 

105742 

610 

1   IS 

101635 

554 

55 

106359 

617 

'   20 

102197 

562 

60 

106983 

624 

25 

102768 

671 

30 
35 

103347 
103934 

579 
587 

59°-27 

1-069111 

The  specific  gravity  of  tromine  at  its  boiling-point  is  2*98218,  and  its 
specific  volume  =  ^gg|§*  =  63-618. 


*  Br  =  7905  (StM). 
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The  rate  of  expansion' of  bromine  has  abreadj  been  determined  by 
Pierre,  who  has  given  the  following  expression  to  represent  the  ^esalts 
of  his  observations  * : — 

V=l-f  0-001  038  186  255t  -f  0-000  001  711  380  853<' 

+  0-000  000  005  447  118  <». 

This  formula  gives  numbers  agreeing  fably  well  with  those  afforded 
by  the  expression  deduced  from  mj  determinations,  as  the  following 
comparison  shows  (the  temperatures  are  given  in  degrees  of  the  mer- 
curial thermometer) : — 

16<>  30°  46°  60° 

Pierre 1-01608         1-03273        1-05068         1-06963 

Thorpe   1-01624         1-03326        1-05108        1-06960 

Pierre  was  undoubtedly  one  of  the  first  to  obtain  bromine  in  a  state 
approaching  to  purity ;  but  it  seems  probable,  in  spite  of  the  care  which 
was  evidently  taken  in  its  preparation,  that  the  sample  employed  by  him 
in  his  determination  of  its  rate  of  expansion  was  not  perfectly  free  from 
water.  This  is  indicated  by  the  order  of  the  divergence  between  the 
results  of  our  various  observations ;  and  the  supposition  would  seem  to  be 
confirmed  by  the  high  solidifying-point,  viz.  —7*^-6  to  —8°,  which  he 
observed.  Baumhauer  has  shown  that  the  true  freezing-point  of  bromine 
is  at  —  24°-5t.  Pierre  sought  to  dry  his  bromine  by  digestion  with 
calcium  chloride.  According  to  Stas,  calcium  bromide  (which,  as  a 
desiccating  agent  is  not  inferior  to  the  chloride)  is  incapable  of  removing 
the  last  traces  of  water  from  bromine  j!- 

The  specific  volume  of  bromine,  calculated  from  Pierre's  numbers,  ii 

15»-»^  ^53-859. 


2-96881 


n.  Iodine  MonocMoride. 

Prepared  by  heating  an  intimate  mixture  of  iodine  and  potassium 
chlorate,  and  distilling  the  product  from  powdered  potassium  chlorate, 

I,+3KaO,=KC10^+KIO,+Ka+0,-fICl. 

The  product  was  repeatedly  distilled  in  order  to  break  np  the  last  traces 
of  the  yellow  iodine  trichloride  which  is  always  formed  in  slight  quantity 
in  the  preparation.  The  liquid  ultimately  boiled  constantly  between 
99**-7  and  100°-7;  n=40°,  t'«76°.  Corrected  and  reduced  barometer 
744-3  millims.    Corrected  and  reduced  boiling-point  101°-3. 

In  order  to  establish  its  purity  the  iodine  monochloride  was  analyzed 
by  breaking  bulbs  containing  weighed  portions  of  the  liquid  under  dilute 

*  Ann.  de  Chim.  et  de  Pliyi.  [3]  20.  t  Deutach.  Ch.  Oea  Ber.  1871,  p.  927. 

I  Stas,  Nouyelles  Becherohet  but  let  Loif  det  Prop.  Chem.  fto.    Anmitein'i  Qermin 
tnmiUtion,  p.  179. 
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Bolphurous  acid  solution,  precipitating  the  hydrochloric  and  hjdriodic  acids 
by  silver  nitrate,  and  digesting  the  mixed  salts  with  strong  nitric  acid. 

L  Amount  of  I  CI  taken    ....     1*2482  gram. 
11.  „        „        „         ....     0*5668     „ 

I.  Silver  salts  obtained 2*9095  grams. 

11.  „        „        „     1*3223  gram. 

From  these  data,  using  Stas's  numbers  for  the  atomic  weights  of  chlorine, 
iodme,and  silver  (01=35*46, 1 » 126*85,  Agsl07*93),  we  get,  by  means 
of  the  equation 

I      ^    a    ^ 

(in  which  W  a  the  weight  of  mixed  silver  salts,  and  x  and  y  respectively 
the  amount  of  iodine  and  chlorine  contained  therein),  the  following  results 
expressed  in  percentages  : — 

L  IL  Calculated. 

Chlorine 21*86  21*98  21*85 

Iodine 78*14  78*02  78*15 


100*00  100*00  100*00 

Iodine  monochloride,  as  a  liquid,  bears  a  marked  resemblance  to  bro- 
mine. Although  when  solidified  it  melts  at  a  temperature  as  high  as 
24^*2  (according  to  my  observations),  it  not  unfrequently  remains  liquid 
for  many  weeks  after  distillation,  and  may  be  cooled  to  below  0^  without 
congealing.  In  a  freeadng-mixture  of  ice  and  salt  it  readily  solidifies  to 
a  dark  reddish-brown  crystalline  mass.  Long-continued  shaking  at 
ordinary  temperatures  occasionally  brings  about  its  solidification.  A 
quantity  of  iodine  monochloride  which  had  been  liquid  for  months 
crystallized  in  long  prisms  when  subjected  to  the  vibration  of  a  railway- 
carriage.  Mr.  J.  B.  Hannay  has  already  published  a  number  of  curious 
observations  on  the  solidification  of  this  compound  *. 

The  specific  gravity  of  iodine  monochloride  at  17^*95  is  3*12988,  com- 
pared with  water  at  4°;  at  0°  its  specific  gravity  is  3*18223,  compared 
with  water  at  4°. 

Other  observers  have  found  for  the  melting-  and  boiling-points  of 
this  compound : — 

Boiling-point  Melting-point 

Schutienberger 100°-102°  30° 

Trapp    25° 

Hannay 10(f-l02f  24^*7 

Observations  with  the  dilatometer  have  led  me  to  the  following  formula 
•  Joum.  Chem.  Soo.  1873,  p.  815. 
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as  ezpressisg  the  expansion  of  iodine  monochloride  between  0*^  and  its 
boiling-point : — 

V«H-0-000  916  896  6<  +  '000  000  832  957  6 1* 
+    000  000  002  750  06t», 

bj  means  of  which  the  following  Table  has  been  calculated : — 


«»0. 

Tolune. 

Diff. 

OO. 

yolnme. 

I>iff. 

0 

100000 

66 

105335 

513 

5 

100460 

460 

60 

105866 

620 

10 

100926 

466 

65 

106381 

526 

16 

101394 

469 

70 

106914 

633 

20 

101867 

473 

76 

107464 

640 

25 

102346 

479 

80 

108001 

647 

30 

102830 

484 

85 

108656 

656 

35 

103320 

490 

90 

109118 

562 

40 

103816 

495 

100 

45  • 

104315 

600 

60 

104822 

607 

101-3 

1-104187 

The  specific  gravity  at  101*3  is  2*88196 ;  hence  the  specific  yolmne  of 
iodine  monodilonde  =  9.88196  ^  ^6*319. 

In  the  paper  already  referred  to,  Mr.  Hannay  has  giren  the  results  of 
a  number  of  observations  on  the  specific  gravity  of  this  compound  at 
various  temperatures.  I  am  unable  to  compare  his  numbers  with  my 
own,  as  the  temperatures  to  which  his  specific  gravities  are  referred 
are  not  given ;  but  the  conclusion  which  Mr.  Hannay  draws  from  hiB 
observations,  "  that  iodine  monochloride  expands  equally  for  equal  in- 
crements of  temperature,  even  near  its  boiling-point,"  is  obviously 
erroneous. 

m.  Ethevu  Dibromtde,  O^H^Brj,. 

This  compound  was  prepared  from  well-washed  ethene  and  bromine 
by  means  of  the  arrangement  described  by  Hofmann.  The  product, 
after  having  been  dried  by  phosphorus  pentoxide,  boiled  completely  be- 
tween 130°*1  and  130°'8,  the  greater  portion  coming  over  between 
130°-6  and  130°-7 ;  n=55°,  t'  «110°.  Barometer  corrected  and  reduced 
766'6  millims.  Corrected  and  reduced  boiling-point  131*^*36.  In  air- 
thermometer  degrees  131^*45. 

The  statements  on  record  respecting  the  solidifying-point  of  this 
compound  are  (extremely  discordant;  they  vary  from  —12°  or  —16°  to 
+13^*1.  By  careful  trial  I  found  that  ethene  dibromide  solidifies  at 
-)-9°*2,  which  is  almost  identical  with  the  number  given  by  Begnault, 
viz.  9°-53. 

The  specific  gravity  of  ethene  dibromide  is  2-19011  at  10^*89,  com- 
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pared  with  water  at  4°.  On  the  supposition  that  the  liquid  contracts 
regahirly  below  its  ordinary  solidifying-point,  its  specific  gravity  at  0°  is 
2-21324,  compared  with  water  at  4P.  Other  observers  have  found  for 
the  boiling-  and  freezing-points  and  specific  gravity  of  this  compound : — 


Boiling.                         Melting. 

Spedfio 

point.                             point. 

giaTitj. 

Begnault . 

.     131-6  at  760  mm.      9-53 

o 

Pierre  ... 

.     132-6   „  756-9         13-1 

2-16292  at  20-79 

Hiaagen 

.     131-6  „      ? 

2-1827     „  20 

Cahours    . 

.     130      „      ?              0 

Beboul . . . 

■       » t                              .  • 

2-198      „  10 

The  results  of  the  observations  with  the  dilatometer  have  afEorded  me 
the  following  formula,  which  expresses  with  8u£5[cient  exactitude  the 
rate  of  expansion  of  this  liquid  from  0°  to  its  boiling-point : — 

V  a  1+0-000  962  846t  +  0-000  000  683  466«» 

+  0-000  000  00  394  763t». 

The  following  Table  is  calculated  by  means  of  this  expression;  it  shows 
the  true  volumes  of  ethene  dibromide  at  every  5°  between  0°  and  135° : — 


«>c. 

Volmne. 

Biff. 

»0. 

Tolnme. 

IH£ 

0 

100000 

75 

107697 

657 

6 

100478 

478 

80 

108262 

565 

10 

100960 

482 

86 

108836 

573 

16 

101446 

486 

00 

109417 

582 

20 

101936 

490 

96 

110007 

590 

25 

102431 

496 

100 

110607 

600 

30 

102931 

600 

106 

111216 

608 

35 

103436 

606 

110 

111834 

619 

40 

103946 

510 

115 

112462 

628 

46 

104462 

616 

120 

113101 

639 

60 

104984 

622 

126 

113760 

649 

65 

105513 

629 

ISO 

114409 

669 

60 

106049 

636 

136 

116080 

671 

65 

106691 

642 

70 

107140 

549 

131-46 

1-14602 

The  specific  gravity  of  ethene  dibromide  at  its  boiling-point  is  1*93124, 

187-90 
and  its  specific  volume  ■■  i.93]^24  ■■^7*295. 

Pierre,  who  has  already  determined  the  expansion  of  this  liquid,  found 
that  a  single  expression  of  the  form 

Val+(rt+ft*'+<5<' 
would  not  express  the  results  of  his  obseryations  with  sufficient  accuracy. 
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He  also  selected  the  volume  at  20^*09,  the  lowest  temperature  at  which 
he  made  an  observation,  as  the  unit  of  volume,  on  the  ground  that  at 
lower  temperatures,  particularly  in  the  neighbourhood  of  its  freezing- 
point,  the  dilatation  of  the  liquid  might  be  irregular,  a  supposition  which 
is  not  confirmed  by  mj  observations.  He  accordingly  calculated  two 
expressions  of  the  form  * 

in  which  e=<-20°-09. 

From  20°'09  to  100°*16  the  expansion  may  be  expressed  by  the 
formula 

V=:l-f0-000  952  696  19^  +  0-000  001  316  606  8586' 

+  0-000  000  001  062  6876' ; 

and  from  100°-16  to  132°-6  by  the  formula 

V  =  1+0-001  016  765  9880  +  0-000  000  102  231  7700' 

+  0-000  000  008  788  0076*. 

These  formulsB  give  results  dilEering  but  little  from  those  afEorded  by  the 
expression  deduced  from  my  observations,  as  is  evident  from  the  fol- 
lowing comparison  (the  temperatures  are  given  in  degrees  of  the 
mercurial  thermometer) : — 

200-09 

Pierre 1-00000 

Thorpe   ..  1-00000 

The  specific  volume  of  ethene  dibromide,  calculated  from  the  numbers 
given  by  Pierre,  on  the  assumption  that  the  specific  gravity  of  the  liquid 
at  20*^-79,  viz.  2-16292,  as  given  by  him,  is  compared  with  water  at  4® 
(the  temperature  of  comparison  is  not  stated,  but  it  is  probably  that 
which  is  assumed),  is  97-7. 

IV.  Ethene  Chloriodide,  C,H^ia- 

This  remarkable  compound  was  first  prepared  by  Maxwell  Simpson. 
To  obtain  it,  finely  powdered  iodine  is  suspended  in  about  three  times 
its  weight  of  water,  and  chlorine  is  passed  into  the  liquid  (which  should 
be  kept  cool  and  constantly  agitated)  until  the  iodine  has  nearly  disap- 
peared ;  the  liquid  is  decanted  after  standing,  and  a  stream  of  ethene, 
washed  by  passing  through  soda  solution,  is  led  into  it  until  both  the 
liquid  and  the  oil  which  gradually  separates  out  are  decolorized.  The 
compound,  after  washing  and  drying,  is  found  to  boil  nearly  constantly. 
When  first  prepared  it  is  colourless ;  but  oh  exposure  to  light  it  gradually 
becomes  red  from  the  separation  of  a  trace  of.  iodine  t. 

In  order,  if  possible,  to  avoid  the  use  of  wat^r  in  the  preparation  of 
this  compound,  I  attempted  to  obtain  it  by  the  direct  addition  of  pure 

*  Loe.  cii.  t  Proc.  Roy.  Soc  xi.  pi  690,  xii.  p.  278. 


80»-<» 

eop-o» 

110»-09 

180O-09 

1-02080 

1-06213 

1-09709 

1-12238 

103003 

1-06230 

1-09750 

1-12284 
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iodine  monochloride  to  ethene,  matters  being  so  arranged  that  a  large 
excess  of  the  hydrocarbon  was  present  during  the  reaction.  The  result 
was  altogether  different  from  what  I  anticipated.  When  the  two  substances 
are  brought  together,  nearly  the  whole  of  the  iodine  is  set  free,  and 
Dutch  liquid  is  formed,  only  a  very  small  quantity  of  the  chloriodide 
being  produced :  I  varied  the  conditions  of  the  experiment  in  several 
ways,  but  with  invariably  the  same  result.  I  have  since  found  that 
Gtouther  has  made  the  same  observation  *.  It  is  remarkable  that  the 
presence  of  water  should  so  completely  modify  the  reaction.  It  must  be 
remembered,  however,  that  in  an  aqueous  solution  of  iodine  chloride 
there  is  always  more  or  less  free  hydrochloric  acid  and  iodic  add,  a  por- 
tion of  the  iodine  chloride  being  decomposed  in  accordance  with  the 
equation 

6IC1  +  3H,0  =  5HC1  +  HIO,  +  2I„ 

the  extent  of  the  decomposition  being  probably  dependent  on  the  ratio 
of  the  products  of  decomposition  to  the  compound  still  undecomposed* 
This  supposition  is  rendered  probable  by  the  observations  of  Hannay, 
that,  on  filtering  the  solution  from  the  iodine,  a  further  precipitation 
gradually  occurs;  and  that  on  mixing  an  aqueous  solution  of  iodine 
chloride  with  carbon  bisulphide,  which  dissolves  the  iodine  as  it  separates 
out,  the  whole  of  the  compound  is  gradually  decomposed,  nothing  but 
iodic  and  hydrochloric  adds  being  left  in  the  water. 

Dr.  Maxwell  Simpson  kindly  sent  me  a  sample  of  ethene  chloriodide 
prepared  by  the  process  abpve  described,  with  the  direction  that  in  order 
to  render  it  quite  pure  it  was  merely  necessary  to  wash  it  with  dilute 
potash  and  dry  it.  After  being  dried  over  phosphorus  pentoxide  it 
boiled  almost  completely  between  139^*1  and  140''-1.  Barometer  759*3 
millims.;  nas50°,  <'asllO°;  corrected  and  reduced  boiling-point  140°'l. 

Two  observations  of  spedfic  gravity  gave,  (1)  2-13363  at  15^-28  and 
(2)  2*13329  at  15''-43,  compared  with  water  at  4''.  Beduced  to  0°,  the 
spedfic  gravity  becomes  (1)  2-16440  and  (2)  2-16437.  Mean  2-16439, 
compared  with  water  at  4°. 

Ethene  chloriodide  solidifies  to  a  white  crystalline  mass  in  a  mixture 
of  snow  and  hydrochloric  acid. 

Other  observers  have  found : — 

Boiling-point  '     ■  Barometer.  Specdflo 

o        o  millime.  grsTity.  ^ 

Simpson 140^143  2-151     at    0 

Maumen^  ....         146  753  2-39       „  20 

Observations  with  the  dilatometer  have  led  to  the  formula 

V  -  1+0-000  936  917  6  <  +  0-000  000  415  129  e 

+  0-000  000  004  501  4  <•, 

which  represents  with  suffident  accuracy  the  expansion  of  ethene  chlor- 

^  Jahretberioht  &o.  vol  xr.  p.  491. 
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iodide  between  0°  and  it-a  boiling-point.     Tbe  following  Table  girca  ibe 
ferne  volume  of  tkia  liquid  for  eyeiy  5^  between  these  int^rvEla  i — 


°c. 

Volumo. 

Dift 

"0. 

Tolintw. 

OiJE. 

0 

100000 

85   1 

108541 

640 

5 

100470 

470 

90 

109097 

656 

10 

100942 

472 

95   ' 

109661 

664 

15 

101416 

474 

100 

110234 

573 

20 

101894 

478 

105 

110816 

682 

25 

102375 

481 

110 

111403 

692 

30 

102860 

485 

115 

112009 

601 

35 

103349 

489 

120 

112619 

610 

40 

103843 

494 

125 

113239 

620 

45 

104341 

498 

130 

113871 

632 

60 

104845 

604 

135 

114513 

642 

56 

103364 

509 

140 

115166 

653 

60 

105868 

514 

145 

115830 

664 

65 

106389 

521 

70 
75 

106916 
107450 

527 
534 

140-1 

1-15179 

80 

107692 

542 

9?he  specific  gravity  of  ethane  chloriodide  ftt  its  boiling-point  is  1*87915 ; 

ftnd  its  specific  volome  =  }^^'^\  -  101-27. 
1-87915 

It  is  evident  from  these  observations  that  the  specific  volumes  of 

i>romine  and  iodine  chloride  are  not  equal,  neither  are  the  specific 

Tolmnes  of  ethene  bromide  and  etiiene  chloriodide ;  the  bodies  with  the 

greater  molecular  weights  have  the  greater  specific  volumes. 


Molecular  weight.  SpedAe  vdlume. 

Bromine  159-90  53-62 

Iodine  chloride    162-31  56-32 

Ethene  bromide 187-90  97-30 

Ethene  chloriodide 190-31  101-27 


Hie  nnmber  obtained  for  iodine  monochloride  differs  considerably  from 
the  volume  calculated  by  means  of  Kopp's  values  (Gls22*8,  Is37*5), 
viz.  60*3.  The  specific  volume  of  bromine  (Br  J  is  idso  less  than  Kopp's 
number,  55*6.  The  value  assigned  to  chlorine  is  unquestionably  &r 
more  accurate  than  that  given  to  iodine,  since  the  value  of  the  latter 
element  was  calculated  from  only  two  or  three  compounds,  whereas  the 
former  value  was  deduced  from  a  comparatively  large  number  of 
chlorinated  products.    That  the  yalue  for  iodine  needs  revision  seems  to 
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be  confinndd  by  Billet's  obseryationB  of  the  specific  gravities  of  liquid 
iodine  at  various  temperatures.    His  results  are* : — 

Temperature..     107^-0  111*'-?  124°-3   133^-6   151*^-0  170°-0 
Spedfic  gravity    4-004    3-988    3-944    3-918    3-866    3-796 

If  these  numbers  be  plotted  down  and  the  curve  prolonged  to  the 
boiling-point  of  iodine,  we  find  that  the  specific  gravity  of  iodine  at  this 
temperature  is  3*780 ;  hence  the  specific  volume  of  iodine  (I) 

_  126-85  _^^.^ 
•==  3780--^^- 

If  now  this  value  be  added  to  that  of  chlorine,  as  given  by  Kopp,  we 
get  a  result  identical  with  the  observed  volume  of  iodine  monochloride — 

33-5  +  22-8  =  56-3. 

If  we  subtract  the  specific  volumes  of  C,  H^  as  calculated  by  the  aid 
of  Eopp's  values  (0=11,  II=5-5,  C,  11^=44),  from  the  specific  volumes 
of  ethene  bromide  and  ethene  chloriodide,  we  obtain  numbers  which  are 
nearly  equal  to  the  specific  volumes  of  bromine  and  iodine  chloride  re- 
spectively ; — 

97-30  -  44  «  53-30. 
101-27  -  44  «  57-27. 

This  correspondence  between  the  two  sets  of  values  seems  to  warrant  the 
conclusion  that  bromine  and  iodine  chloride  possess  the  same  volume  in 
a  compound  which  they  have  when  in  the  free  state. 

In  order  to  ascertain  how  fiir  this  conclusion  is  general,  I  purpose  to 
determine  the  specific  volumes  of  such  of  the  C^  H,o  hydrocarbons  as  I 
can  obtain  in  quantity  and  of  sufficient  purity,  and  also  of  the  specific 
volumes  of  their  combinations  with  bromine.  Buff  has  abeady  made 
observations  upon  amylene;  but  a  recently  published  investigation  by 
Flavitzky  has  rendered  it  probable  that  the  preparation  employed  by  Buff 
was  a  mixture  of  isopropylethene  and  trimethylethene  t. 

According  to  Flavitzky  the  olefine  boiling  at  35°  is  trimethylethene. 


CH.\ 


and  not  isopropylethene, 

which  boils  at  25P :  both  hydrocarbons  are  derivable  from  fermentation 
amyl-alcohol. 

*  Jahresbericht  &o.  vol.  Tiii.  p.  46. 

t  Ann,  d0r  Chem.  a,  Pharm.  yoI.  clzxix.  p.  d40. 
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Since  bromine  and  iodine  chloride  appear  to  have  the  same  volume  in 
union  with  ethene  that  they  have  when  uncombined,  it  is  not  unreason- 
able to  suppose  that  the  same  may  be  true  of  ethene  itself,  viz.  that  at 
its  boiling-point  it  would  possess  the  same  volume  which  it  has  in  the 
bromide  and  chloriodide  at  their  respective  boiling-points.  On  this  as- 
sumption the  specific  gravity  of  liquid  ethene  would  be — 

Calculated  from  0,11^  Br, 0-641 

„       C.H,IC1 0-624 


III.  "  Experimental  Contributions  to  the  Theory  of  Electrolysis." 
By  Alfred  Tbibe^  Lecturer  on  Chemistry  in  Dulwich  Col- 
lege. Communicated  by  J.  H.  Gladstone^  Ph.D.,  Fullerian 
Professor  of  Chemistry  in  the  Boyal  Institution.  Beceived 
January  18,  1876. 

In  July  1800  Nicholson  and  Carlisle  first  effected  the  decomposition 
of  water  by  the  pile  of  Volta ;  and  they  were  not  a  little  surprised  when 
the  constituent  gases  of  the  water  appeared  separately  at  some  con- 
siderable distance  from  each  other*,  but  they  offered  no  opinion  as  to 
the  cause  of  so  singular  a  phenomenon.  A  little  later  Cruickshank  also 
decomposed  water  by  the  pile,  and,  for  the  first  time,  many  metallic 
salts  t.  He  also,  like  Nicholson  and  Carlisle,  was  much  struck  by  the 
appearance  of  the  compounds  round  poles  separated  some  distance,  and 
attempted  to  explain  the  phenomenon  by  supposing  that  the  principle  of 
galvanism  could  exist  in  an  oxygenated  and  deoxygenated  condition — 
that  in  entering  water  at  the  negative  end,  it  combined  with  oxygen, 
liberating  hydrogen,  and  that  on  arriving  at  the  positive  end  the  oxygen 
either  escaped  or  combined  with  the  wire  j^. 

This  hypothesis,  which  involves  the  idea  of  an  imponderable  capable 
of  combining  with  ponderables,  underwent  various  modifications  by 
Fourcroy  and  Vauquelin  and  Thenard,  and  by  Dr.  Bostock  and  others. 

But  the  next  step  of  importance  to  the  theory  of  electrolysis  was  the 
idea  of  the  passage  into  or  through  the  liquid  of  one  or  both  constituents 
of  the  electrolyte,  which  was  first  roughly  foreshadowed  by  an  anonymous 
correspondent  of  Nicholson's  Journal  (vol.  iv.  p.  472),  and  which  was 
thus  more  explicitly  expressed  in  1807  by  Sir  H.  Davy : — "The  oxygen 
of  a  portion  of  water  is  attracted  by  the  positive  sur&ce  at  the  same 
time  that  the  other  constituent  part,  the  hy^gen,  is  repelled  by  it,  and 
the  opposite  process  takes  place  at  the  negative  surface;  and  in  the 

*  NioholBon's  Journal,  Old  Series,  vol.  iv.  p.  183. 

t  IM,  p.  189. 

{  Ibid.  New  Series,  vol.  iii.  p.  9. 
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middle  or  neutral  point  of  the  circuit,  whether  there  be  a  series  of  de- 
compositions and  recompositions,  or  whether  the  particles  from  the 
extreme  points  only  are  active,  there  must  be  a  new  combination  of  the 
repelled  matter."  (Phil.  Trans.  1807,  p.  30.) 

The  next  enrichment  of  the  subject  was  by  Grotthus*,  who  contended 
that  since  in  the  elementary  combinations  of  the  pile  of  Yolta,  as  in  a 
magnet,  there  is  polarity,  it  would  establish  a  like  condition  in  the 
elements  of  water. 

Faraday,  accepting  the  notion  of  polarity,  added  the  necessary  corol- 
lary, the  idea  of  the  revolution  of  the  molecules  of  the  electrolyte  t,  which, 
as  far  as  I  am  aware,  is  the  last  important  contribution  to  the  theory  of 
the  subject. 

If  the  condition  of  an  electrolyte  just  prior  to,  and  in  the  act  of,  de- 
composition be  in  accordance  with  the  views  of  Grotthus  and  Faraday, 
as  enunciated,  an  electrolyte  may,  it  appears  to  me,  be  regarded  as  a 
dielectric  whose  molecules  are  possessed  of  the  power  of  mutually  ex- 
changing their  constituents  during  discharge.  This  view,  jointly  with 
some  supposed  points  of  resemblance  between  magnetic  and  electrolytic 
substances  to  which  it  is  unnecessary  here  to  refer,  led  me  to  undertake 
the  experiments  detailed  in  this  communication. 

ExperimerU  I.— A  piece  of  thin  copper  wire  about  an  inch  long  was 
suspended  lengthwise,  by  a  piece  of  cotton,  between  the  copper  electrodes 
(distant  about  4  inches)  of  a  Grove's  battery  t*  and  immersed  in  a  5-per- 
cent, solution  of  potassium  chloride.  Gas  was  at  once  given  off  from 
the  end  of  the  wire  facing  the  positive  pole,  and  after  the  lapse  of 
a  few  minutes  the  end  facing  the  negative  battery-pole  was  found 
corroded. 

Experiment  XL — Four  small  upright  wooden  posts  1  inch  high  were 
fixed  perpendicularly  and  1  inch  apart  in  a  wooden  stand  5  inches  long. 
Slits  were  made  in  the  tops  of  these  posts,  and  in  them  were  inserted 
•trips  of  thin  sheet  silver. 


The  whole  arrangement,  as  in  the  figure,  was  then  placed  in  a  glass 
vessel  containing  a  5-per  cent,  solution  of  copper  sulphate  mixed  with  a 
little  potassium  chloride,  the  silver  strips  being  arranged  lengthwise  in  a 

*  Ann.  de  Ohimie,  toL  iTiii.  p.  66. 

t  Tyndall  on  F&raday,  Proo.  Boy.  Init  toL  t.  p.  218. 

I  Of  ten  oellf  both  in  thii  and  all  the  other  ezpmmenti. 
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Btraight  line  between  the  copper  electrodes.  On  making  contact,  silver 
chloride  (resulting  from  the  action  of  the  potassium  chloride  upon  the 
silver  sulphate  produced)  immediately  formed  upon  those  ends  of  the 
strips  facing  the  negative  pole,  and  marked  B  in  the  figure  above,  and 
descended  in  clouds  in  a  beautiful  manner,  being  apparently  attracted, 
after  the  lapse  of  a  minute  or  two,  towards  the  battery-poles.  In  a  few 
minutes  the  condition  of  the  other  ends  of  the  strips  was  examined,  and 
on  each  there  was  copper  distinctly  visible. 

The  preceding  experiments  demonstrate  that  an  insulated  conductor 
may,  by  immersion  in  any  part  of  an  electrolysdng  fluid,  become  endowed 
with  the  power  of  doing  work  exactly  similar  in  kind  to  that  done  by  the 
two  battery-electrodes ;  may,  because,  as  will  be  subsequently  shown,  the 
working  power  of  the  insulated  ^conductor  is  dependent  more  or  less 
npon  its  length,  position  in  the  fluid,  and  conductivity,  as  well  as 
ehemical  activity. 

It  is  well  known  that  the  poles  or  electrodes  of  a  battery  are  each 
charged  with  electricity  opposite  in  kind,  but  possessed  of  similar  pro^ 
perties  to  the  electricity  of  friction,  though  generally  much  less  intense. 
This  being  so,  were  an  insulated  conductor  placed  lengthwise,  so  as  to 
ensure  the  maximum  efEect,  between  the  electrodes  of  a  battery,  the 
whole  being  immersed  in  air,  it  is  certain  that,  were  our  instruments 
sufficiently  delicate  to  detect  it,  the  end  facing  the  positive  electrode 
would  be  found  charged  with  negative  electricity,  whilst  the  other  end, 
&Ging  the  negative  electrode,  would  be  found  charged  with  positive 
electricity.  That  is,  the  conductor  would  become  endowed  with  the 
power  of  doing  work  similar  in  kind  to  the  two  battery-electrodes,  just 
as  has  been  shown  to  obtain  with  an  insulated  conductor  placed  between 
the  battery-electrodes  immersed  in  a  solution  of  copper  sulphate  and 
potassium  chloride. 

Now  it  appears  to  me  that  the  two  actions  just  mentioned  are  parallel 
phenomena;  and  if  the  polarization  of  the  insulated  conductor  immersed 
in  air  be  ascribable  to  induction,  the  polarization  (for  such  its  properties 
show  it  to  be)  of  the  conductor  immersed  in  an  electrolyzing  fluid  may 
also  be  attributed  to  the  same  cause. 

Similar  phenomena  to  the  former  receive  a  ready  explanation  by 
means  of  Earada/s  theory  of  the  polarization  of  contiguous  particles, 
a  similar  hypothesis  applied  to  air  and  other  dielectrics  as  was  thirty- 
two  years  previously  applied  by  Grotthus  to  what  we  now  term  electro- 
lytes. 

The  difference  between  the  two  phenomena  lies  in  the  fact  that  a  high 
electric  tension  is  necessary  to  effect  the  depolarization  of  the  particles 
of  air  by  discharge,  which,  of  course,  is  unaccompanied  by  decomposition ; 
whereas  only  a  very  low  electric  tension  is  required  to  effect  the  de- 
polarization of  an  electrolyte,  which,  on  the  contrary,  is  always  accom- 
panied by  decomposition. 
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EjcfperimenU  UL.  to  Viii. — ^The  object  of  these  was  to  obtain  some 
quantitatiye  measure  of  the  relative  degree  of  polarization  of  the  mole* 
cules  of  the  electrolyte  in  its  different  parts,  and  also  to  ascertain  the 
influence  of  the  size  of  the  electrodes  on  the  same.  Copper  sulphate 
and  silver  I  found  to  promise  greater  advantages  than  other  electrolytes 
and  conductors  for  these  purposes. 

Experiments  HE.  and  IV. — ^A  5-per-cent.  solution  of  the  salt  was 
therefore  employed,  and  a  glass  trough  12  inches  by  4^  and  about  4  inches 
deep.  Silver  plate  s  ^  x  ^  inch  were  fixed  on  twelve  uprights  1  inch 
distant,  as  previously  described.  The  whole  was  immersed  in  the  copper 
solution,  in  the  centre  of  and  between  copper  electrodes  4j|  inches  wide, 
«.  e.  completely  across  the  trough,  the  electrodes  being  ^  inch  distant 
from  the  first  and  last  silver  strips.  After  being  connected  with  the 
battery  for  two  hours,  metallic  copper  was  distinctly  visible  on  the  ends 
of  each  of  the  strips  of  silver  facing  the  positive  pole.  The  copper  on 
the  strips  in  this  and  in  another  precisely  similar  experiment  was  deterr 
mined  by  the  cyanide  of  potassium  and  ammonia  process,  after  removing 
it  by  digestioa  yriih,  dilate  hydrodilorio  add  containing  a  little  nitric. 
One  cub.  emtim.  of  the  KCy  solatioia  was  equivalent  to  *00309  gram 
of  copper. 

The  results  were  as  under : — 


Tto.  ot  Strip  from 
+  poto. 

Oub.  oentim.  of  KCy  uaed. 

No.  1. 

Ko.2. 

1. 

3-0 

2-9 

2. 

2-9 

30 

3. 

31 

2-8 

4. 

2-9 

2-9 

6. 

2-7 

31 

6. 

30 

2-9 

7. 

31 

2-8 

8, 

3-2 

2-9 

9. 

3-0 

— 

10. 

2-7 

2-6 

11. 

8-2 

80 

12. 

2-8 

3-0 

Esxperiments  V.  and  VL — ^The  4||-xneh  electrodes  were  now  replaced  by 
others  i  inch  wide,  with  the  following  result  :-^ 
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No.  of  Strip  from 
4-   pole. 

Oab.  oentini. 

of  EOy  uwd. 

No.  1. 

No.  2. 

1. 

6-5 

5-8 

2. 

3-5 

2-8 

3. 

2-6 

2-0 

4. 

1-8 

1-7 

5. 

2-0 

1-7 

6. 

21 

20 

7. 

20 

1-9 

8. 

2-3 

1-9 

9. 

2-4 

1-6 

10. 

2-3 

2-0 

11. 

3-3 

2-8 

12. 

3-7 

31 

which,  graphicallj  represented,  give  curves  as  in  this  diagram. 


These  quantitative  experiments  also  accord  with  the  view  of  Orotthus. 

Nos.  3  and  4  would  show  thjtt  the  whole  of  the  molecules  of  the  elec- 
trolyte were  equipolarized,  which  follows  from  the  fact  that  in  any  given 
section  of  the  liquid  there  must  have  been  the  same  number  of  polarized 
particles  as  in  that  in  immediate  contact  with  the  electrodes ;  whereas 
in  Experiments  Y.  and  YI.  it  would  appear  that  the  number  of  polarized 
particles  increases  as  the  section  is  removed  from  the  electrodes,  and  the 
intensity  of  the  action  in  any  definite  space  is  accordingly  diminished. 
Grotthus's  view,  however,  as  it  appears  to  me,  does  not  account  for  the 
difference  of  polarization  of  the  molecules  in  the  vicinity  of  the  two 
electrodes,  as  exhibited  in  Experiments  Y.  and  YI. 

The  principal  source  of  error  in  the  foregoing  experiments  is  the 
difficulty  of  placing  the  strips  in  a  straight  line  and  perfectly  parallel  in 
direction;   for  if   not   parallel  to  the  line  joining  the  electrodes,  the 
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poles  of  each  suspended  conductor  become  closer  together  and  less  capable 
of  doing  chemical  work. 

This  is  well  shown  by  the  subjoined  results  of  experiments  made  to 
test  the  influence  of  the  position  of  the  insulated  conductors  upon  their 
activity.  The  same  apparatus  was  used  as  for  the  last  experiment,  the 
positions  of  the  strips  being  as  represented  in  the  Table  (side  by  side  with 
the  results). 


Direction. 

KOyuBed. 

Direction. 

KOyiued. 

1 

4-8c.c. 

-_ 

2-0  e.c. 

1 

2-4 

1 

2-4 

/ 

0-9 

1 

1-5 

— 

0-0 

\ 

0-6 

1 

1-3 

1 

1-3 

— 

0-0 

\ 

trace 

\ 

trace 

/ 

trace 

1 

1-7 

1 

1-3 

— 

0-0 

0-0 

/ 

0-6 

r 

1-3 

1 

2-4 

1 

8-2 

1 

3-0 

/ 

3-3 

The  positive  battery-electrode  is  supposed  to  be  at  the  top  and  the 
negative  at  the  bottom  of  the  columns  respectively. 

A  glance  at  these  numbers  well  shows  the  influence  of  direction,  and 
at  the  same  time  reveals  the  fact  that  a  suspended  rigid  conductor,  sur- 
rounded by  an  electrolysing  fluid,  may  transmit  the  electric  power  as 
though  it  were  transparent  to  its  influence. 

The  effect  of  varying  the  length  of  the  conductor  is  illustrated  by 
Experiment  Vll.,  that  of  conductivity  by  Experiment  Yin.,  and  that  (rf 
chemical  activity  by  Experiment  IX. 

ExpeTxmenJt  YIL — ^The  same  arrangement  was  employed  as  in  Experi- 
ment in.,  the  silver  strips  \  inch  in  diameter  being  placed  in  a  post 
midway  between  the  electrodes,  and  each  allowed  to  remain  in  the  electro- 
lysing fluid  for  thirty  minutes.  The  deposited  copper  was  determined 
as  before. 

Length  of  Ezpt  L  Expt  II. 

Silver  Strip.  K  Oy  used.  K  Oy  uaed. 

2  inches 7*6  c.  c  8*4  c.  c. 

3  „       18-2  17-4 

ExpenfiMfniYni. — On  three  posts  \  inch  distant  were  placed : — Ist,  glass ; 
2nd,  charcoal ;  3rd,  platinum.'  These  were  then  phu»d  between  copper 
electrodes  d|  inches  apart,  the  whole  being  immersed  in  solution  of 
copper  sulphate.  On  connexion  being  made  with  the  batteiy,  gas  at 
once  escaped  from  the  positive  ends  of  the  metallic  strip,  while  none 
was  visible  on  either  the  glass  or  the  charcoal.    Upon  removing  the 

VOL.  xnr.  2  ▲ 
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sfcrips,  after  the  lapse  of  thirty  minutes,  not  a  trace  of  copper  could  be 
seen  on  the  glass,  a  little  on  the  negative  end  of  the  charcoal  (facing 
the  positive  electrode),  and  more  on  the  platinum. 

Experiment  IX. — In  the  centre  of  a  glass  trough,  containing  a  5-per- 
cent, solution  of  potassium  chloride,  was  fixed  a  post  midway  between 
platinum  electrodes  5  inches  apart.  Pieces  of  different  metals  1^  inch 
long  and  ^  inch  wide  were  successively  inserted  in  a  slit  in  the  upper 
part  of  the  post,  lengthwise  in  a  line  with  the  poles,  and  the  amount  of 
gas  given  •oS.  from  the  negative  extremity  during  five  minutes  was 
determined. 

Zinc  gave 19-5  measures. 

Aluminium    15*2        „ 

Copper 1*7        „ 

Lead 1-6 

Silver 1-3        „ 

Platinum   I'O        „ 

In  the  language  of  Qrotthus's  hypothesis,  the  foregoing  experiments 
may  be  explained  thus : — The  greater  amount  of  copper  found  on  the 
longer  silver  strip  in  Experiment  VII.  may  be  accounted  for  (1)  by  its 
being  subjected  to  the  influence  of  a  greater  number  of  polarized  mole- 
cules, (2)  by  its  tendency  to  electric  equilibration  being  less,  and  (3)  by  the 
smaller  number  of  molecules  between  its  ends  and  the  battery-electrodes 
inducing  a  more  rapid  discharge. 

The  absence  of  copper  on  the  glass,  the  presence  of  a  little  on  the 
carbon,  and  more  on  the  platinum  in  Experiment  YIII.  is  explained  by 
the  difference  in  the  capability  of  these  bodies  to  be  polarized  en  masse. 

The  results  of  Experiment  IX.  are  due  in  great  part  to  the  specific 
affinities  of  the  metais  for  the  chlorine  of  the  potassium  chloride ;  in 
great  part,  because  the  different  metals  are  polarized  en  masse  with  more 
or  less  facility,  and  the  result  is  affected  accordingly ;  but  were  the  con- 
ductivity of  the  metals  equal,  we  might  expect  the  rapidity  of  the  dis- 
charge to  be  proportional  to  the  specific  affinities. 

It  now  appeared  desirable  to  obtain  some  experimental  knowledge  of 
the  general  direction  of  the  lines  of  the  discharge  between  electrodes  of 
small  dimensions. 

For  this  purpose  198  silver  strips  were  placed  in  as  many  posts  fixed 
into  a  wooden  stand.  The  arrangement  of  these,  as  well  as  the  position 
in  which  the  electrodes  were  placed^  is  shown  in  the  accompanying  diagram. 
Connexion  was  made  with  the  battery  for  an  hour,  after  which  the  copper 
sulphate  was  removed  from  the  trough,  and  each  strip  examined.  Those 
on  which  copper  was  visible,  as  well  as  its  position  on  the  strip,  are 
thus  marked  in  the  figure,  (~i—  ;  t  signifies  the  merest  trace,  and  ? 
doubtful. 

The  position  of  the  copper  on  the  strips,  indicative  as  it  is  of  their 
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electrical  condition,  illustrates  in  a  striking  manner  the  electrical  condi- 
tion of  the  molecules  in  the  vicinity  of  the  poles.  It  is  also  evident  that 
the  electric  influence  spreads  itself  out  in  the  electrolyte,  in  the  same 
way  that  the  magnetic  influence  does  in  the  magnetic  field. 
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In  an  extension  of  these  experiments,  employing  smaller  electrodes 
and  a  trough  of  much  greater  dimensions,  measures  of  the  amount  of 
action  in  different  parts  of  a  liquid  undergoing  electrolysis  would  be 
found,  and  these  would  doubtless  be  in  accordance  with  what  might  be 
reckoned  d,  priori  from  the  known  laws  of  electrical  action,  and  would  in 
another  way  exhibit  the  equipotential  curves  which  Prof.  Adams  has 
worked  out  in  his  Bakerian  Lecture.  I  hope  to  do  this  so  soon  as  time 
and  opportunity  permit. 

The  work  recorded  above  is  in  no  way  inconsistent  with  those  current 
views  which  are  usually  expressed  in  the  language  of  Ohm's  laws ;  but 
while  those  views  deal  rather  with  results,  the  views  propounded  above 
refer  to  the  physical  processes  involved,  and  appear  to  unite  the  different 
kinds  of  electricity  more  closely  together. 

I  have  much  pleasure  in  expressing  my  indebtedness  to  Professor 
Gladstone  for  the  use  of  the  chemical  laboratory  of  the  Eoyal  Institution, 
where  the  experimental  work  of  this  paper  was  done.  My  thanks  are 
also  due  to  Mr.  E.  J.  Legg  for  his  excellent  assistance. 

The  following  letter  was  read  : — 

South  KeoBington  Museum,  London,  S.W., 
10th  day  of  February,  1876. 

Sib, — I  am  directed  by  the  Lords  of  the  Committee  of  Council 
on  Education  to  transmit,  for  your  information,  the  enclosed  papers 
relating  to  the  approaching  Loan  Exhibition  of  Scientific  Apparatus  at 
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South  Kensington,  and  to  request  you  to  have  the  kindness  to  announce 
the  holding  of  the  Exhibition  at  the  next  meeting  of  the  Bojal  Society, 
and  to  ask  any  Members  who  may  be  willing  to  contribute  to  furnish,  at 
their  earliest  convenience,  a  description  of  the  objects  they  propose  to 
lend,  on  forms  similar  to  the  enclosed,  which  can  be  obtained  on  appli- 
cation to  this  Office. 

I  have  the  honour  to  be, 
Sir, 
Tour  obedient  Servant, 

P.  CuKLura  OWEK, 
The  President  Director  S.  K.  M. 

of  the  Eoycd  Society^ 

Burlington  HouHj  W. 


February  24,  1876. 
Dr.  J.  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  letter  was  read  from  the  Chair : — 

''ldStrattonStreet» 

Slat  January,  1876. 
"  Mt  deab  Hooeeb, — I  wish  to  place  at  the  disposal  of  the  Boyal 
Society  (as  the  one  body  in  which  all  branches  of  British  Science  are 
represented)  the  sum  of  ^6000,  to  be  applied  (principal  as  well  as 
interest)  in  any  manner  that  they  may  consider,  for  the  time  being,  most 
conducive  to  the  encouragement,  among  our  countrymen,  of  original 
research  in  the  Physical  Sciences — my  object  being  not,  on  the  one  hand, 
to  found  a  permanent  endowment  for  the  benefit  of  future  generations, 
nor,  on  the  other  hand,  to  relieve  the  Government  of  any  part  of  its 
obligation  to  the  present ;  but  to  ascertain,  as  far  as  may  be,  by  practical 
experiment  on  a  limited  scale,  to  what  extent  the  progress  of  original 
research  in  the  Physical  Sciences  is,  in  the  actual  position  of  those 
Sciences,  retarded  in  this  country  by  the  want  of  public  support  to  those 
engaged  in  it,  and  in  what  form  an  increased  measure  of  such  support 
would  be  most  likely  to  promote  its  development. 

"  If  you  think  that  the  Boyal  Society  would  be  willing  to  carry  out  my 
wishes  as  thus  indicated,  you  will  oblige  me  by  laying  this  proposal 
before  your  Council. 

"  I  remain, 

"  Yours  sincerely, 

"  T.  J.  Phillips  Jodekll.'* 
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The  following  Fapers  were  read : — 

I.  "  On  determining  the  Depth  of  the  Sea  without  the  use  of  the 
Sounding-line^  and  on  an  Attraction-meter/'  By  C.  William 
Siemens,  D.C.L.,  F.R.S.,  M.LC.E.  Received  January  20, 
1876. 

(Abstract.) 

The  author  starts  with  the  proposition  that  the  total  gravitation  of  the 
earth,  as  measured  on  its  normal  surface,  is  composed  of  the  separate 
attractions  of  all  its  parts,  and  that  the  attractive  influence  of  each  equal 
volume  varies  directly  as  its  density  and  inversely  as  the  square  of  its  dis- 
tance from  the  point  of  measurement. 

The  density  of  sea-water  being  about  1*026,  and  that  of  the  solid  con- 
stituents composing  the  crust  of  the  earth  about  2-763  (this  being  the 
mean  density  of  mountain-limestone,  granite,  basalt,  slate,  and  sandstone), 
it  follows  that  an  intervening  depth  of  sei^water  must  exercise  a  sensible 
influence  upon  total  gravitation  if  measured  on  the  surface  of  the  sea. 

The  amount  of  this  influence  is  proved  mathematically  in  considering, 
in  the  first  place,  the  attractive  value  of  any  thin  slice  of  substance  in  a 
plane  perpendicular  to  the  earth's  radius,  supposing  the  earth  to  be  a 
perfect  sphere,  unaffected  by  centrifugal  force,  and  of  uniform  density. 

The  attraction  of  each  such  slice  is  shown  to  be  represented  by  the 
expression 

ddA^=^2wdh  sin  ada, 

in  which  h  represents  the  vertical  distance  to  the  slice  from  the  point  of 
attraction,  and  Aj  the  total  attraction  of  the  slice. 

In  integrating  this  expression  between  the  limits  h  and  0  and  a  and  0, 
this  gives 

in  which,  for  small  values  of  A,  the  factor  A/o^  maybe  neglected,  when 

the  formula  assumes  the  form 

A,=2A 

in  which  A,  represents  the  total  attraction  down  to  the  depth  h. 

If  A  represents  the  total  attraction  of  the  earth,  the  foUowing  propor- 
tion obtains, 

A,_2irh 
A     iEir* 
or 

A=§E.    " 

It  follows  that  if  sea-water  was  without  weight,  the  total  attraction 
of  the  earth,  as  measured  upon  the  sea-surface,  would  diminish  in  the  pro- 
portion of  the  depth  to  §B ;  but  taking  the  weight  of  sea-water  into 
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account,  grayity  would  be  found  to  diminisb  upon  the  sea-level  in  the 
proportion  of  the  depth  to  f  li^B,  or  as  E  nearly. 

The  proportion  would  be  strictly  correct  if  the  interior  of  the  earth  was 
of  the  same  density  as  surface-rock ;  but  the  coefficient  here  arrived  at 
has  to  be  diminished  in  the  proportion  of  the  density  of  surface-rock  to 
the  mean  density  of  the  earth,  or  in  the  proportion  of  about  |^ ;  the 
author  considers  it  safer,  however,  not  to  rely  entirely  upon  these  mathe- 
matical deductions  in  constructing  his  working  scale,  which  he  prefers  to 
base  upon  comparison  with  the  sounding-line. 

The  author  next  describes  a  first  attempt  made  by  himself  in  1859  to 
construct  an  instrument  to  indicate  upon  a  scale  such  slight  variations  in 
total  gravitation  as  would  result  from  the  ordinary  variations  of  depth 
below  a  vessel,  and  the  difficulties  he  then  encountered.  These  difficulties 
he  has  since  succeeded  in  overcoming  in  adopting  an  instrument  of  another 
construction,  which  he  proceeds  to  describe  in  detail,  reference  being  had 
to  the  accompanying  drawings. 

This  instrument,  which  he  proposes  to  call  a  Bathometer,  consists  essen- 
tially of  a  vertical  column  of  mercury  contained  in  a  steel  tube  having 
cup-like  extensions  at  both  extremities,  so  as  to  increase  the  terminal 
area  of  the  mercury.  The  lower  cup  is  closed  by  means  of  a  corrugated 
diaphragm  of  thin  steel  plate,  and  the  weight  of  the  column  of  mercury 
is  balanced  in  the  centre  of  the  diaphragm  by  the  elastic  force  derived 
from  two  carefully  tempered  spiral  steel  springs  of  the  same  length  as 
the  column  of  mercury. 

One  of  the  peculiarities  of  this  mechanical  arrangement  is  that  it  is 
paratTurmal,  the  diminishing  elastic  force  of  the  springs  with  rise  of  tem- 
perature being  compensated  by  a  similar  decrease  of  potential  of  the  mer- 
cury column,  which  decrease  depends  upon  the  proportions  given  to  the 
areas  of  the  steel  tube  and  its  cup-like  extensions. 

The  instrument  is  suspended  a  short  distance  above  its  centre  of  gravity 
in  a  universal  joint,  in  order  to  cause  it  to  retain  its  vertical  position, 
notwithstanding  the  motion  of  the  vessel ;  and  vertical  oscillations  of  the 
mercury  are  almost  entirely  prevented  by  a  local  contraction  of  the  mer- 
cury column  to  a  very  small  orifice.  The  reading  of  the  instrument  is 
effected  by  means  of  electrical  contact,  which  is  established  between  the 
end  of  a  micrometer-screw  and  the  centre  of  the  elastic  diaphragm.  The 
pitch  of  the  screw  and  the  divisions  upon  the  rim  are  so  proportioned  that 
each  division  represents  the  diminution  of  gravity  due  to  one  fathom  of 
depth. 

Variations  in  atmospheric  pressure  have  no  effect  upon  the  reading  of 
this  instrument ;  but  a  correction  has  to  be  made  for  variations  of  atmo- 
spheric density  as  affecting  the  relative  weight  of  the  mercury  column, 
which  correction  might  be  avoided,  however,  in  excluding  the  atmosphere 
from  both  the  upper  and  the  lower  surface  of  the  mercury,  and  connectiog 
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the  extremities  of  the  column.  The  only  necessary  correction  is  that  for 
latitude,  which  it  is  asserted  in  the  paper  must  be  less  variable  oii  the  sea 
than  on  land,  owing  to  the  absence  of  masses  elevated  above  the  surface, 
and  owing  to  the  comparative  greater  distance  of  the  irregular  solid  con- 
stituents of  the  earth  and  the  very  uniform  density  of  sea-water. 

The  paper  contains  tables  of  the  result  of  actual  observations  of  the 
instrument  in  twice  crossing  the  Atlantic  on  board  the  steamship  *  Fara- 
day,' while  she  was  engaged  upon  laying  submarine  cables.  The  readings 
of  the  instrument  were  checked  by  actual  soundings  taken  by  means  of 
Sir  William  Thomson's  steel-wire  sounding-apparatus ;  and  the  compa- 
rable results  agree  in  all  cases  as  closely  as  could  have  been  expected, 
considering  that  the  sounding-line  gives  the  depth  immediately  below  the 
vessel,  whereas  the  bathometer  gives  the  mean  depth  taken  over  a  certain 
area,  depending  for  extent  upon  the  depth  itself ;  it  is  also  shown  that 
upon  an  even  slope  the  two  instruments  may  be  expected  to  agree  in  their 
indications. 

It  is  thought  that  the  bathometer  may  render  useful  service  to  the 
mariner  in  warning  him  of  changes  of  depth  long  before  reaching  dan- 
gerous ground.  An  example  is  recorded  where  the  position  of  the  end  of 
a  submarine  cable  in  deep  water  was  found  simply  from  a  knowledge  of 
the  depth  in  which  the  end  had  been  lost ;  and  it  is  shown  how  the  posi- 
tion of  a  vessel,  when  no  astronomical  observations  can  be  taken,  may  be 
ascertained  by  the  aid  of  a  bathometer,  provided  the  contour-lines  of  equal 
depths  of  oceanic  basins  were  accurately  laid  down. 

The  instrument  is  applicable  also  for  measuring  elevations  above  sea- 
level  ;  and  it  is  shown  that  for  height  the  total  attraction  of  the  earth 
varies  in  the  ratio  of 

and  that  therefore  approximately  the  fathom-readings  at  sea  may  be  taken 
for  yard-readings  in  measuring  height ;  but  that  in  this  last  application 
allowance  will  have  to  be  made,  in  addition  to  corrections  for  Utitude,  for 
the  local  attraction  of  the  elevated  land  itself,  varying  with  its  breadth, 
and  rendering  the  indications  of  the  instrument  for  height  less  reliable 
than  for  depth  of  sea. 

Addendum. — On  an  Attraction-meter.     Received  February  23, 

1876. 

At  the  reading  of  the  foregoing  paper,  the  author  exhibited  an 
instrument  for  measuring  horizontal  attractions,  which,  at  the  same 
time,  illustrates  the  action  of  the  bathometer.  This  instrument  con- 
sists of  a  horizontal  tube  of  wrought  iron  400  millims.  long,  termi- 
nating at  each  end  in  a  horizontal  transverse  tube  of  cast  iron  of  60 
millims.  diameter  and  300  millims.  long.  The  first-named  horizontal 
tube  is  partially  closed  at  its  ends,  and  communicates  with  the  transversa 
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ubes  below  their  homontaL  mid  section.  The  transverse  tubes  commu- 
nicate also  by  means  of  a  horizontal  glass  tube  of  2  miUims.  diameter  at 
a  superior  level  to  the  former. 

The  whole  apparatus  being  mounted  upon  three  set  screws  is  filled  to 
the  level  of  the  half-diameter  of  the  transverse  tubes  with  mercury,  which 
mercury  fills  also  the  whole  of  the  longitudinal  connecting-tube ;  the  upper 
halves  of  the  cast-iron  transverse  tubes  and  the  glass  connecting-tube  are 
filled  with  alcohol  tinted  with  cochineal,  comprising,  however,  a  small 
bubble  of  air,  which  can  be  made  to  occupy  a  central  position  in  the  gkss 
tube  by  raising  or  lowering  the  set  screws. 

If  a  weighty  object  is  approached  to  either  extremity  of  the  connecting- 
tube  an  attractive  influence  will  be  exercised  upon  the  mercury,  tending 
to  a  rise  of  level  in  the  reservoir  near  at  hand,  at  the  expense  of  the  more 
distant  reservoir ;  and  this  disturbance  of  level  between  the  two  reservoirs 
must  exerdse  a  corresponding  effect  upon  the  index  of  air  in  the  hori- 
zontal glass  tube,  moving  it  away  from  the  source  of  attraction.  The 
amount  of  this  movement  must  be  proportdonate  to  the  attractive  force 
thus  exercised,  and  is  considerable,  because' the  transverse  cross  section  of 
each  reservoir*tube  is  60  x  300  =  18,000  square  millims.,  whereas  the  sec- 
tion of  the  ghiss  tube  is  only  about  3  miUims. ;  the  motion  produced  by 
the  effect  of  gravity  is  thus  increased  3000-fold,  and  could  easily  be  in- 
creased, say  30,000-fold,  by  simply  increasing  the  horizontal  area  of  the 
transverse  or  reservoir-tubes.  Variations  of  temperature  have  no  effect 
upon  this  instrument,  because  the  liquids  contained  on  either  side  of  the 
index  of  air  are  precisely  the  same  in  amount ;  and  the  total  expansion  of 
the  liquids  is  compensated  for  by  an  open  stand-tube  rising  up  from  the 
centre  of  the  connecting-tube,  through  which  the  apparatus  can  be  easily 
fiUed.  By  means  of  this  instrument  the  effect  of  1  cwt.  approached  to 
one  end  or  the  other  of  the  mercury  connecting-tube  causes  a  sensible  mo- 
tion of  the  air-index. 

It  is  suggested  that  an  instrument  of  this  description  may  be  employed 
usefully  for  measuring  and  recording  the  attractive  influences  of  the  sun 
and  moon  which  give  rise  to  the  tides.  The  instrument,  which  is  of 
simple  construction  and  not  liable  to  derangement  from  any  cause,  would 
have  to  be  placed  upon  a  solid  foundation  with  its  connecting-tube  point- 
ing east  and  west,  records  being  taken  either  by  noting  the  position  of 
the  index  upon  the  graduated  scale  below,  or  by  means  of  a  self-recording 
arrangement  through  photography. 

This  mode  of  multiplying  the  effect  produced  by  gravitation  is  shown 
as  applicable  also  to  the  bathometer ;  and  the  author  showed  one  of  these 
instruments  fitted  with  a  spiral  glass  tube  laid  horizontally  upon  the 
upper  surface  of  Uie  bathometer  upon  a  regularly  divided  scale,  which 
horizontal  tube  is  connected  at  one  end  with  the  uppermost  chamber  of 
the  bathometer  above  the  mercury,  while  the  other  end  remains  open  to 
the  atmosphere.    The  space  above  the  mercury  in  the  upper  chamber  is 
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filled  by  preference  with  oil,  which  terminates  in  the  horizontal  spiral 
glass  tube  at  a  point  which  will  yarj  with  the  total  attractive  influence 
of  the  earth,  and  thus  furnish  a  means  of  reading  the  instrument.  The 
electric  contact  arrangement  described  in  the  paper  is  thus  rendered  un- 
necessary, and  the  reading  of  the  instrument  much  simplified. 


II.  ''On  Instruments  for  Recording  the  Direction  and  Velo- 
city of  Currents  and  the  Temperature  of  the  Water  at 
different  Depths  in  the  Ocean.'*  By  J.  Bymer  Jones,  of 
the  Imperial  Goyernment  Telegraphs,  Japan.  Communicated 
by  Prof.  Ryher  Jones,  P.R.S.     Received  January  1,  1876. 

The  object  of  these  instruments  is  to  register  on  board  ship  : — 

1st.  The  direction  of  currents  which  flow  at  different  depths  in 
the  ocean. 

2ndly.  The  velodty  of  those  currents. 

3rdly.  The  temperature  of  the  sea  at  all  points  between  the  sur- 
&ce  and  bottom,  without  requiring  the  instruments  to  be  hauled  up 
in  order  to  register  the  results. 

The  advantages  of  such  results,  if  capable  of  being  obtained,  must 
appear  self-evident ;  and  the  following  description  will,  I  hope,  prove  the 
practicability  of  those  methods  which  I  propose  to  adopt  in  order  to 
arrive  at  the  above  desiderata. 

All  three  instruments  are  based  on  electrical  principles. 

Diag.  1.  fig.  1  represents  a  full-sized  section  of  the  instrument 
employed  for  making  serial  observations  of  the  direction  of  currents 
flowing  at  different  depths  in  the  sea  ;  and  in  the  lower  part  of  the  same 
figure  is  shown  the  method  for  taking  the  temperatures  at  the  same 
points ;  but  as  the  description  of  this  instrument  will  form  a  separate 
paragraph,  I  shall  dismiss  it  for  the  present  with  the  remark  that  the 
same  leading-wires  are  used  in  connexion  \^'ith  both  instruments. 

In  considering  the  best  method  for  registering  the  direction  of  deep- 
sea  ciurents,  two  things  seem  absolutely  necessary : — 1st,  some  point 
capable  of  taking  up  a  fixed  direction  and  uninfluenced  by  the  currents ; 
and  2ndly,  a  movable  point  taking  up  the  direction  of,  and  regulated  by, 
the  current  whose  direction  is  required.  With  these  data  it  appeared 
sufficiently  easy  to  arrive  at  the  direction  of  the  currents,  by  measuring 
the  angle  between  the  fixed  point  and  the  movable  point,  which  varies 
with  the  direction  of  the  current.  It  is  clear  that  the  only  available 
fixed  point  is  that  afforded  by  the  unerring  magnet,  while  the  employ* 
ment  of  a  sufficiently  large  vane  will  cause  the  instrument  to  take  up  a 
position  in  the  direction  of  the  current,  the  rest  being  only  matter  of 
detail,  which  I  now  proceed  to  discuss. 

In  order  to  keep  the  magnet  in  a  perfectly  horizontal  position  and  un- 
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influenced  by  any  unsteadiness  of  the  instrument,  gimbals  (diag.  1.  fig.  1, 
a. id  diag.  2.  fig.l),  ^^r,  are  employed,  as  in  the  case  of  the  mariner's 
compass;  and  undei*neatb  the  card  cc  (diag.  1.  fig.  1),  to  which  the 
magnet  is  attached,  is  a  copper  wire  {w  w)  permanently  fixed  at  right 
angles  to  the  magnet  m  m,  along  which  an  electric  current  is  made  to 
pass,  and  thus  has  no  tendency  to  deflect  the  magnet  from  the  magnetic 
meridian. 

Attached  to  one  end  of  this  copper  wire  {w  w)  on  the  upperside,  and 
passing  through  the  card,  is  a  fine  platinum  wire,  pp,  about  3  inches 
long,  and  tapering  to  a  mere  fibre  at  the  top,  and  the  wire  is  carefully 
counterpoised  at  the  other  end.  The  pivot  on  which  the  magnet  is 
poised  is  of  brass  (6)  and  pointed  with  platinum  (p"),  and  is  in  connexion 
with  the  sea  through  the  pivots  of  the  gimbals,  gg,  A  double  casing  of 
thick  sheet-copper  ( A  B  C  D)  is  strengthened  by  stays  (t  i  i)  calculated  to 
stand  the  great  deep-sea  pressures ;  and  the  air-chamber  between  the 
inside  and  outside  casing  renders  the  whole  instrument  buoyant,  and  is 
intended  to  take  off  all  the  strain  from  the  line  when  being  hauled  up. 
e  «  is  a  section  of  an  ebonite  disk,  the  plan  of  which  is  shown  in  diag.  2. 
fig.  2;  and  fig.  1  is  a  section  of  the  instrument  taken  through  the 
dotted  line  Bb  Dn,  showing  the  ebonite  disk,  gimbals,  card,  and  magnet 
(m  m),  with  the  copper  wire  (w  w)  affixed  at  right  angles  to  it.  Let  into 
the  periphery  of  the  disk  {ee)  are  sixteen  pieces  of  brass,  insulated  from 
one  another  by  the  ebonite,  but  placed  in  such  close  proximity  to  each 
other  that  the  fibrous  end  of  the  platinum  wire  {pp)  must  always  be  in 
contact  with  the  under  surface  of  one  of  them.  Sixteen  insulated  wires 
eater  the  top  of  the  instrument  in  the  form  of  a  cable,  which  divides  into 
two  parts  (A  A),  eight  wires  on  either  side. 

These  are  conducted  through  two  holes  {h\  h!)  in  the  ebonite  disk  (e  e)  to 
the  lower  part  of  the  instrument,  where  they  pass  through  a  second  hole 
in  the  centre  of  the  concave  bottom  of  the  compass-chamber  e"  e'\  which 
renders  the  compartment  e"eee^'  watertight,  and  to  the  underside  of 
which  the  thermometer  to  be  afterwards  described  is  attached.  The 
ends  of  the  wires  are  finally  connected  to  the  sixteen  terminals  on  the 
back  of  the  thermometer.  Before,  however,  passing  through  the  holes 
(h'y  h')  short  leading-wires  are  soldered  to  each  and  connected  to  the  upper 
surfaces  of  the  sixteen  brass  contacts  on  the  ebonite  disk  (e  e).  These 
contacts  pass  through  the  disk  and  project  a  little  beyond  its  lower  sur- 
face, where  they  are  grooved  as  in  fig.  1,  o  o,  in  order  to  prevent  the  end 
of  the  platinum  wire  pp,  which  is  so  adjusted  as  to  pass  immediately 
under  the  centre  of  the  groove,  from  trespassing  beyond  the  line  of  con- 
tacts, through  any  unsteadiness  of  the  instrument.  These  brass  contacts 
are  amalgamated  on  the  under  surface  to  render  the  contact  more 
decided ;  and  the  top  of  the  platinum  wire  pp  must  be  so  fine  and 
flexible  as  to  reduce  the  friction  to  a  minimum,  while  at  the  same  time  it 
ensures  perfect  contact.     A  stuffing-box,  «'  a',  with  hemp  and  wax  pre- 
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▼ents  tke  leakage  of  sea-water  through  the  hole  by  whidi  the  wires  enter 
the  top  of  the  instrument;  and  the  compartment  «Ce  is  filled  with 
melted  paraffin  wax,  which  consolidates  and  effectuallj  insulates  the  wires 
and  contacts  from  one  another,  should  any  moisture  find  it«  way  in. 

The  registering-instrument  (diag.  2.  fig.  3)  is  exceedingly  simple  and 
greatly  resembles  the  dial-plate  of  Breguet's  electro-magnetic  dial 
instrument. 

Around  the  circumference  of  this  dial-plate  are  sixteen  brass  contacts, 
passing  through  an  ebonite  disk ;  and  to  the  under  surface  of  each  contact 
is  soldered  one  of  the  sixteen  wires  whidi  form  the  core  of  the  cable, 
whose  other  ends  are  soldered  to  the  upper  surfaces  of  the  contacts  on 
the  disk  {ee\  as  before  mentioned. 

Concentric  with  these  metallic  contacts  are  two  circles,  one  on  either 
side.  In  the  outer  circle  are  the  rhumbs  and  semi-rhumbs  of  the  wind, 
and  in  the  inner  circle  are  the  degrees  (Celsius)  corresponding  to  those 
marked  in  the  diagram  of  the  thermometer,  this  dial-plate  being  capable 
of  registering  the  results  of  both  instriunents. 

Z  2  is  a  metallic  lever  capable  of  being  moved  round  the  dial  by  an 
ebonite  handle  N,  and  the  axis  x  of  this  lever  is  in  connexion,  through 
the  galvanometer  g'  g\  with  one  pole  of  the  battery  C,  the  other  pole  Z 
being  put  to  earth,  F. 

In  the  centre  of  each  brass  contact  is  an  indentation  for  dropping  the 
lever  into ;  and  when  not  in  use  the  handle  can  be  turned  back  on  to  itself, 
by  means  of  a  hinge  (n  n)  in  the  centre,  and  thus  break  the  dreuit. 

The  different  parts  of  the  instrument  having  now  been  explained,  I 
shall  proceed  to  describe  the  manner  in  which  it  is  intended  to  take  an 
observation. 

After  attaching  weights  sufficiently  heavy  to  carry  the  instrument 
steadily  down  in  an  upright  position  to  the  detaching-instrument  (diag. 
1.  fig.  3X  pitying  out  is  commenced ;  and  under  the  influence  of  the 
vane  E,  the  instrument  takes  up  a  position  in  the  direction  of  the  cur- 
rent, varying  in  direction  as  the  currents  vary.  Whenever  it  is  desired 
to  take  a  reading,  the  lowering  is  stopped,  and  the  instrument  in  mid 
ocean  will  be  pointing  in  the  di^ection  of  the  current,  while  the  magnet 
(m  m)  is  pointing  steadily  to  the  north. 

In  order  to  understand  the  arrangement  of  the  sixteen  leading  wires, 
let  us  suppose  the  instrument  to  be  influenced  by  a  current  from  the 
north ;  the  direction  then  of  the  vane  and  magnet  will  coincide  (diag.  2. 
fig.  1),  and  the  platinum  contact  pp  (diag.  1.  fig.  1),  attached  to  the  cop- 
per wire  w  w,  and  which  is  always  at  right  angles  to  the  magnet  m  m, 
will  be  rubbing  against  the  under  surface  of  the  contact  pointing  due 
west  (W.).  If,  then,  one  of  the  sixteen  wires  in  connexion  with  t&e 
upper  surface  of  this  contact  be  soldered  to  the  under  surface  of  the 
contact  on  the  re^stering  dial-plate  marked  N  (diag.  IL  fig.  3),  when 
lever  H  is  moved  slowly  over  this  contact,  on  the  upper  surface  of  the 
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dial-plate,  a  current  will  circulate  from  the  battery  C,  through  galva- 
nometer z/'^'  (the  needle  of  which  is  deflected),  axis  of  lever  a?,  lever Z  I, 
contact  N,  leading-wire  to  the  contact  against  the  underside  of  which 
the  platinum  wire  is  pressing,  and  through   it  and  the  pivots  of  the 
gimbals  to  earth  E',  and  back  to  the  battery-pole  Z,  which  must  also  be 
put  to  earth.    It  is  clear  that  by  calling  this  contact  of  the  dial-plate 
north,  and  soldering  the  other  fifteen  wires  in  order  to  the  under  sur- 
faces of  the  remaining  contacts  (as  in  diag.  2.  fig.  3),  with  their  other 
ends  attached  to  the  corresponding  contacts  around  the  periphery  of  the 
ebonite  disk  (e  e)  in  the  instrument  below,  in  order  to  find  the  direction 
of  any  other  current  than  a  northerly  one,  the  handle  has  only  to  be 
moved  round  the  dial  until  the  galvanometer- needle  is  seen  to  deflect ; 
and  when  this  is  the  case,  the  lever  will  be  pressing  against  the  contact 
whose  letter  represents  the  direction  of  the  current  which  was  required 
to  be  found.    This  reading  having  been  duly  registered,  the  instrument 
is  lowered  some  100  fathoms  or  more;  and  after  waiting  for  a  few 
minutes  for  the  instrument  to  settle  down  in  the  direction  of  the  cur- 
rent, the  handle  of  the  dial-plate  is  again  turned  round  on  board,  in 
either  direction,  over  the  contacts  until  the  galvanometer-needle  again 
deflects,  showing  that  an  electric  current  passes ;  and  after  registering 
the  direction  of  this  current  also,  the  instrument  may  be  lowered  to 
greater  depths,  and  readings  taken  at  any  points  between  the  surface  and 
the  bottom  of  the  sea.     On  reaching  the  bottom  the  weights  detach 
themselves  by  means  of  the  apparatus  (diag.  1.  fig.  3)  invented  by  Mr. 
Edward  Hill,  and  the  instrument  (whose  weight  has  been  previously  ad- 
justed to  enable  it  to  float,  when  there  is  no  sinker  attached,  and  remain 
in  an  upright  position)  offers  little  weight  or  strain  to  the  cable  when 
being  hauled  up.    The  detaching-apparatus  made  use  of  is  one  designed 
by  Mr.  Edward  Hill  expressly  for  detaching  weights ;  and  after  many 
trials  this  method  has  been  found  to  be  exceedingly  sure  and  trust- 
worthy.    So  long  as  the  sinker  is  in  mid  ocean,  the  ring  r'  r'  remains 
tightly  hooked  on  to  the  apparatus  (fig.  3) ;  but  directly  the  sinker  rests 
on  the  bottom  and  the  strain  is  taken  off,  the  ring  r'  r'  falls,  and  the 
form  of  the  apparatus  effectually  prevents  the  ring  r'  r'  from  rebooking 
the  sinker  when  the  instrument  is  raised ;  instead  of  which  it  slides  up 
the  curved  surface  (cf.  fig.)  and  becomes  completely  detached.    The  de- 
taiching-apparatus  is  left  at  the  bottom,  after  each  series  of  observations, 
with  the  sinker ;  but  as  this  can  be  made  exceedingly  cheaply,  the  loss  is 
very  trivial. 

The  cable  containing  the  core  of  sixteen  insulated  wires  must  be 
strengthened  by  strands  of  steel  wire ;  and  it  would  be  well  to  make  the 
cable  with  a  larger  section  at  the  top,  and  to  taper  gradually  towards  the 
end  attached  to  the  instrument  below. 

The  strands  of  steel  wire  are  intended  to  be  finally  attached  to  the 
rings  in  the  eye-bolts  u  u,  and  thus  take  all  the  strain  off  the  wires 
forming  the  core. 
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A  part  of  the  double  casing  of  the  instrument  is  also  capable  of  being 
removed  by  means  of  flanges  and  screws,  in  order  to  afford  access  to 
the  compass-box  and  thermometer,  care  being  taken  to  readjust  the 
portion  removed  so  as  to  render  it  perfectly  water-tight  after  all  the 
internal  adjustments  have  been  looked  to.  The  instrument  must  be 
made  smaller  should  experience  prove  the  present  size  too  bulky ;  it  will, 
however,  be  necessary  to  have  a  sufficiently  long  compass-needle  to 
enable  it  to  overcome  the  resistance  due  to  the  friction  of  the  end  of  the 
platinum  wire,  which  presses  against  the  under  surfaces  of  the  contacts 
(o  o),  as  above  mentioned. 

Instrument  for  measuring  on  board  Ship  the  Velocities  of  Deep^ea 

Currents, 

Diagram  3.  fig.  1  represents  a  full-sized  section  of  this  instrument ; 
and  here,  again,  the  chief  characteristic  is  its  simplicity.  In  outward  ap- 
pearance this  instrument  is  somewhat  similar  to  the  previous  one,  and 
like  it  is  made  to  place  itself  in  the  direction  of  the  current  by  means  of 
a  vane  F. 

iT  2  is  a  section  of  a  wheel  with  six  rays,  of  which  fig.  2  is  a  full-sized 
plan,  the  section  representing  the  part  oryz,  and  being  made  through 
the  centre  of  the  wheel,  as  shown  by  the  dotted  line. 

One  half  only  of  this  wheel  (a?  w  2)  is  exposed  to  the  free  action  of  the 
water  at  once  (cf .  fig.  2).  The  wheel  revolves  on  its  axis  ( W  W),  which 
is  carefully  pivoted  on  jewels  in  the  small  brass  cups,  c  c,  £xed  on  the 
centres  of  the  disks  (d  d,  B  D). 

The  upper  end  of  this  axis  carries  a  soft  armature  (a  a),  which  rotates 
with  the  wheel  immediately  under  the  poles  of  a  large  horseshoe  magnet 
(m  m).  Around  the  poles  of  the  magnet  are  two  bobbins  of  insulated 
wire  (b  6),  wound  in  opposite  directions,  and  in  connexion  with  them  are 
the  two  leading-wires,  one  of  which  is  put  to  earth,  and  the  other  passes 
up  the  core  of  the  /cable  to  the  registering-instrument  on  board.  Be- 
tween the  poles  of  ihe  magnet  and  the  armature  (a  a)  is  a  disk  of  ebonite 
or  boxwood  or  other  non-conductor  (B  D),  strengthened  round  the  edge 
by  a  rim  of  brass,  and  sufficiently  thick  to  prevent  its  warping,  which  is 
intended  to  render  the  compartme  t  (B  C  D)  water-tight  and  protect  the 
magnet  and  coils. 

The  reason  for  not  employing  a  sheet  of  copper  or  other  metal  is  to 
avoid  the  magnetism  of  rotation  discovered  by  Arago,  or  the  reaction  of 
currents  induced  in  the  copper  plate  by  the  armature  revolving,  as  ex- 
plained by  Faraday;  this  reaction,  though  probably  small  and  insignificant, 
is  better  eliminated,  as  the  tendency  is  to  improve  the  motion  of  the 
armature.  The  wooden  disk  (d'  d')  keeps  the  magnet  firmly  in  its  right 
place,  and  a  stuffing-box  {s'  s')  prevents  sea- water  from  entering  the  com- 
partment, which  is  also  filled  with  paraffin  wax  as  an  additional  security. 
The  registering-instrument  on  board  is  an  ordinary  double-current  counter 
(fig.  3),  similar  to  those  made  by  the  British  Telegraph  Manufactory, 
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Euston  Boad,  London,  and  which  are  most  suitahle  and  trastworthy. 
When  it  is  required  to  make  an  observation,  a  sinker  is  put  on  to  the 
detaching-apparatus,  and  the  instrument  lowered  to  the  required  depth, 
where  it  remains  steadily  in  a  perpendicular  position  in  the  direction  of 
the  current,  and  the  wheel  commences  to  rotate,  more  quicklj  or  slowly 
according  to  the  velodtj  of  the  current  influencing  it,  carrying  round  on 
its  axis  the  soft  iron  armature  (a  a)  which  revolves  in  front  of  the  poles 
of  the  magnet  (nt  m),  causing  induced  currents  to  circulate  through  the 
coils,  which  change  in  direction  at  every  half-revolution.  In  order  that 
these  induced  currents  may  circulate  in  the  same  direction  through  both 
coils  of  wire  h  6,  the  bobbins  are  wound,  one  right-handed,  and  the  other 
left-handed. 

These  reverse  currents  are  transmitted,  on  depressing  the  key  {Jc\ 
through  the  insulated  wire  of  cable,  key,  galvanometer,  counter,  to 
earth  E,  the  other  leading-wire  being  also  connected  through  the  instru- 
ment to  earth,  as  before  mentioned.  Thus  a  succession  of  reverse  cur- 
rents traverse  the  counter  (fig.  3)  so  long  as  the  contact-key  {Tc)  con- 
tinues to  complete  the  circuit,  and  both  the  counter  and  the  wheel  in 
mid  ocean  keep  perfect  time  together.  The  counter  may  be  adjusted  to 
zero,  or  the  position  of  the  hands  noted ;  and  when  the  instrument  is 
at  the  desired  depth,  the  contact-key  is  held  down  and  the  counter  begins 
to  indicate  the  revolutions  of  the  wheel  for  one  minute,  or  for  whatever 
period  of  time  may  be  required.  Thus  by  finding  the  number  of  revo- 
lutions produced  in  a  given  time  by  a  current  flowing  with  a  certain 
known  velocity,  data  may  be  obtained  for  finding  the  velocities  of  other 
streams  or  deep-sea  currents,  a  constant  being  allowed  for  friction, 
which  must  be  calculated.  On  reaching  the  bottom  the  weights  are 
detached,  and  the  instrument,  whose  weight  has  been  previously  adjusted 
to  enable  it  to  float  and  remain  in  a  perpendicular  position,  offers  little 
strain  to  the  cable  when  being  hauled  up. 

As  the  pressure  is  equally  great  on  the  inside  and  outside  of  this 
instrument,  it  is  not  necessary  to  have  so  strong  a  casing  as  the  other 
instrument  requires. 

Instead  of  only  two  poles,  as  in  the  diagram,  four  poles  may  be  used, 
the  principle  being  the  same  as  adopted  by  Sir  Charles  Wheatstone  in 
his  extremely  beautiful  ABC  instrument,  in  order  to  get  rid  of  the  hob- 
bling motion  peculiar  to  other  magneto-electric  machines.  By  this 
arrangement  the  stronger  current  induced  in  the  coils  as  the  armature 
passes  off  one  pole,  compensates  for  the  weaker  induced  current  which 
circulates  through  the  coils  when  the  armature  approaches  the  other 
pole,  and  thus  makes  the  reverse  currents  much  more  regular.  The 
coils  must  be  wound  so  that  the  currents  circulate  in  the  same  direction. 
If  this  method  is  adopted  there  will  be  four  reverse  currents  for  every 
revolution  of  the  armature  instead  of  two,  as  before  mentioned,  and  the 
number  indicated  on  the  counter  will  have  to  be  divided  by  two. 
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''On  the  Theory  of  the  Solution  of  a  System  of  Simultaneous 
Non-liuear  Partial  Differential  Equations  of  the  First  Order." 
By  E.  J.  Nanson.  Communicated  by  Professor  Caylbf, 
F.B.S.    Received  June  5,  read  June  17, 1875*. 

Oiven  an  equation  of  the  form 

we  obtain  by  differentiation  with  respect  to  each  of  the  n+r  variablea 
n+r  equations,  together  with  the  original  equation  n+r+1  equations, 
from  which,  eliminatiDg  the  r+1  constants,  we  have  a  system  of  n  non- 
linear partial  differential  equations. 

Conversely,  given  a  system  of  n  non-linear  partial  differential  equations 
with  n+r  independent  variables,  if  there  exists  an  equation 

with  r+1  constants,  giving  rise,  as  above,  to  the  given  system  of  n  equa< 
tions,  then  this  is  the  "  complete  primitive  "  of  the  given  system. 

Starting  with  such  a  system  of  partial  differential  equations,  it  is  in 
the  present  paper  proposed  to  determine  the  conditions  which  must  be 
satisfied  in  order  that  the  system  may  admit  of  a  complete  primitive,  and 
also  to  examine  what  kind  of  solution,  if  any,  exists  when  the  conditions 
above  referred  to  are  not  satisfied. 

The  late  Professor  Boole  has  given  an  elegant  method  of  treating  a 
system  of  linear  partial  differential  equations  of  the  first  order ;  but  I  am 
not  aware  that  any  one  has  considered  the  case  of  a  non-linear  system. 

Let  us  begin  with  the  case  in  which  the  dependent  variable  z  is  not 
explicitly  involved  in  the  proposed  system,  which  can  therefore  be  pre- 
sented in  the  form 

/a(^p  a?a,  .  ..a?»+n  PvPv  •  •  •JP*+r)  =  0,  

/»(^x»  *a»  •  •  •  ^*+«*>  A»  !P%'»  •  •  •P«+r)=0, 

where  Pi=*-3- »  Pa=  ;j— >  ^'  •  •  •>  ^^^  number  of  equations  being  n,  and 

the  number  of  independent  variables  being  n+r^  It  is  assumed  that 
fvU  •••/-»  considered  as  functions  of  x^,  a?„  .  ..d?„+„  p^,p^^  .  ..i>»+n 
are  mutually  independent ;  iif^ff^,  . . ./»  were  not  mutually  independent, 
then,  provided  the  given  system  were  a  consistent  one,  we  could  replace 
it  by  a  new  system  containing  a  less  number  of  equations. 

Now  the  existence  of  a  solution  involves  the  supposition  that  values  of 
PvPi9  •  ••i>ii4r  can  be  found  which  will  satisfy  the  equations  (i)  and  at 

*  See  Proo.  Boj.  Soc.  toL  ixiii.  p.  510. 
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the  same  time  render  the  expression 

Pi^i+P2^2+ '  " +J?n+rdan+r (ii) 

a  perfect  diSerential,  dz. 

First  suppose  the  functions /i, /j,  ,  ../„  are  such  that  for  every  pair 
the  condition 

UiJj]==o (iii)* 

is  identically  satisfied.    If  we  determine  r  new  functions 

/«+lj/n+2,  .  "fn-{-r  of  ^^  0?^,  .  . .  ^n+r,  i>i,  i>a»  '  "  Pn+r 

such  that  for  every  pair  of  the  whole  series  /i,/^,  .  ../r  the  condition 
(iii)  is  satisfied,  then  the  values  of  Pi^p^j . .  'Pn+r  derived  from  the  n  equa- 
tions (i)  and  the  r  equations 

:  I    ....    (iv) 

fn-^A^V  ^a»  •  •  •  ^n+r,  Pv  i>a»  •  •  'Pn+r)^ary  J 

where  a^,  a,, . . .  a^  are  any  r  arbitrary  constants,  will  render  the  expres- 
sion (ii)  a  perfect  difEerential,  and  the  value  of  z  found  by  integration, 
viz. 

«=0(^i»  *a»  •  •  •  ^«+r>  «i»  «a»  •  •  •  ^r)  +^       (v) 

h  being  a  new  arbitrary  constant,  will  satisfy  the  given  system  (i),  and  will 
be  a  complete  primitive  in  the  sense  above  defined. 

Now  the  determination  of /n4.i,/„+2,  .  ../«+r  under  the  above  condi- 
tions is  a  part  of  the  problem  considered  in  Boole's  'Differential  Equa- 
tions,' Supplementary  volume,  p.  115 :  the  determination  is  there  shown 
to  be  possible,  and  a  method  is  given  for  effecting  it.  Hence  we  see  that 
when  the  in(n— 1)  conditions  [/•,^]=0  are  satisfied,  the  proposed  system 
has  a  complete  primitive. 

When  the  given  system  is  a  linear  one,  these  conditions  are  identical 
with  those  used  by  Boole,  p.  81. 

Next  suppose  that  the  condition  [/m^]=0  is  not  satisfied  for  eyery 
pair  of  the  functions  /j,  /j,  . .  ./„.  Let  the  expressions  of  the  form  Ifi,/)] 
which  are  not  zero  be  denoted  by  0„  0^,  ^3,  . . . ;  then  it  is  plain  that  no 
relation  can  be  found  which  will  satisfy  the  proposed  system  (i)  without 
at  the  same  satisfying  the  system  of  equations 

01=0,    0.=O,    03=0,...; 

hence  the  required  solution  must  be  sought  for  as  the  most  general  solu- 
tion of  the  system 

/i=0,  /,=0, .  ../„=0,  0^=0,  0,=O,  0,=O,  . .. ; 

*  Adopting  the  notation  of  Boole,  Donldn,  and  others,  the  symbol  [fi,/i]  is  used  as 
an  abbreviation  for  the  expression 

\dxkdpk  "  dpkdxk)* 
the  summation  extending  from  k=\  to  >S:»fi+r  indusiTe. 
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if  this  system  is  inconsistent  no  solution  exists ;  if  it  be  consistent,  and 
the  functions 

/i» /a'  •  •  •/»•>      ^i»  02»  ^3»  •  •  • 

are  not  mutually  independent,  let  it  be  replaced  by  the  equivalent  system 

/i=0,/,=0,  .  ../»=0,/«+,=0, .  ../„+.=0, 

where  /i,/j,  .  ../n+«  are  mutually  independent.  There  are  now  three 
cases  to  be  considered. 

L  If  5  be  greater  than  r,  then  no  solution  exists. 

II.  If  »=r,  we  have  n+r  equations  to  findp^j^j,,  . .  .pn+r  in  terms  of 
^j,  x^,  ...  Xn^r  i  if  the  values  thus  found  are  such  as  to  make  (ii)  a  perfect 
differential,  that  is  if  the  functions  Z^,  /j, . .  ./»+r  are  such  that  for.  every 
pair  the  condition  (iii)  is  satisfied,  then  we  have  an  integral  of  the  form 

ir=0(a?j,  a?„  . ..  .r^+r)+ft,    (vi) 

containing  the  single  arbitrary  constant  h.  If  the  conditions  are  not 
satisfied  then  there  is  no  solution. 

in.  If  »  be  less  than  r,  we  have  a  system  similar  to  the  original  one, 
only  containing  s  more  equations. 

We  may  therefore  apply  the  above  process  to  this  system,  and  so  either 
demonstrate  the  non-existence  of  a  solution,  or  find  a  complete  primitive 
of  the  form 

ir=^(a?j,  d?j,  . .. a?»+„  a^,  a,,  . . . ar-,)+6, 

that  is,  an  integral  of  the  form  (vi),  or  fall  upon  a  new  system  analogous 
to  the  given  system  (i),  only  containing  more  equations  than  either  of  the 
previous  systems. 

By  continually  repeating  this  process,  it  is  seen  that  we  must  either 
arrive  at  a  solution  or  prove  that  a  solution  does  not  exist. 

We  have  now  to  consider  the  case  in  which  the  dependent  variable  z 
is  explicity  involved  in  the  proposed  system,  which  is  therefore  present- 
able in  the  form 

>    (vii) 

/»(^.  ^1.  ^a»  •  ••^-+r,l>i»  Pv  •  ..i>i.+r)=0.  J 

Now  let 

^r,  a?„  x^,  .  ..a?n+r)=0    (viii) 

be  any  relation  between  the  primitive  variables  which  satisfies  the  given 
system  (vii).  DifEerentiating  (viii)  with  respect  to  each  of  the  n+r  inde- 
pendent variables  x^^  x^^  ...  Xn^n  ^^  bave 

dx^    ^^dz  t^'n+r  dz 

Hence,  determiningjpj,  . .  .i'n-t-r,  and  substituting  in  the  proposed  system 
(vii),  we  get  a  system  of  n  equations  of  which  the  type  is 
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c?0         d^  d^ 

Hence  ^  considered  as  a  function  of  the  n+r+1  independent  variables 
2^,  ^,  ^,,  ...  d?!!^.;.  must  satisfy  a  system  of  n  partial  differential  equations 
of  the  first  order;  and  in  this  system  the  dependent  variable  does  not 
appear  explicitly.  If,  then,  there  be  any  value  of  ^  which  satisfies  the 
system,  it  can  be  found  by  the  method  given  above ;  and  provided  it  in- 
volve z  in  its  expression,  the  value  of  z  found  from  the  equation  0=0 
will  be  a  solution  of  the  original  system.  If  z  does  not  occur  in  the  ex- 
pression for  0,  then  the  proposed  system  can  have  no  solution. 

Suppose  the  system  of  equations  of  which  (ix)  is  the  type  to  have  a 
complete  primitive  of  the  form 

containing  the  r+2  arbitrary  constants  a^,  a,, . . .  a^^^^.  Then  the  equa- 
tion 0=0  gives  us  the  value  of  2  in  the  form 

«=a(a?„  a?,,  . . .  XnAtty  «i,  »,*...  «r+9) (x) 

And  it  is  to  be  observed  that  this  value  appears  to  contain  one  more  than 
the  number  of  arbitrary  constants  indicated  by  the  theory  of  the  genesis 
of  the  system  (vii)  as  the  proper  number.  But  from  the  fact  that  (x) 
satisfies  the  system  (vii)  of  n  equations,  it  follows  that  the  constants  a^, 
a^, . . .  a,.+3  must  be  virtually  equivalent  to  r+1  constant's  only.  An  in- 
stance of  this  occurs  in  the  first  example  given  below. 

The  results  of  the  preceding  inquiry  may  be  collected  into  the  follow- 
ing rules. 

Given  a  system  of  n  non-linear  partial  differential  equations  of  the  first 
order  in  n+r  independent  variables,  and  in  which  the  dependent  variable 
does  not  explicitly  appear,  to  find  the  nature  of  the  possible  solution. 

JSuZtf.  Let  the  equations  by  algebraical  reduction  be  brought  to  the 
form 

/i=jPi+^i('i>  ...«ii+r,i>ii+i,  ...i>ii+r)=0,^ 

:  [ (xi) 

and  examine  whether  the  condition 


) 


is  identically  satisfied  for  every  pair  of  the  functions  F^,  ...  r„.    If  it  be 
so,  then  the  system  will  have  a  complete  primitive  of  the  form 

a:=0(x„  jTj,  ...  Xn^n  «p  «,»••.  ^r)  +  *>     (xiii) 

which  may  be  formed  by  the  method  of  Boole  referred  to.    But  if  any 
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one  of  the  eqoatioiiB  of  condition  (xii)  bo  not  satisfied  identieaUy,  it  will 
constitute  a  new  partial  differential  equation  to  be  combined  with  the 
given  system  (xi).    Let  such  oomBination  be  presented  in  the  form 

:  [ (^y) 

Treating  this  system  in  the  same  way  as  we  have  just  done  (xi),  we  either 
get  a  solution  of  the  form 

Z^^X^i  .  ..  0?!!+,.,   ttp  .  ..Or-i)  +  6, 

or  fall  upon  a  system  of  n+2  equations  analogous  to  (xi)  and  (xiv).  Pro- 
ceeding in  this  way  we  mustfinally  arrive  at  a  solution  of  the  form 

where  n  is  less  than  r,  or  else  we  shall  have  the  system 
Pi    +F,     (^x,AV...a?,+r)=0, 

and  if  the  J(n+r)(n+r— 1)  conditions 

dxj     dosi 
are  satisfied,  we  have  a  solution 

but  if  thes3  conditions  are  not  satisfied,  then  there  is  no  solution. 
Example  1.  Bequired  the  integral  of  the  simultaneous  equations 

'■-(s>-+(S)' 

Let 

^ir,a?j,  ...flr„)=0 

be  any  Integral,  and  let 

then 

2/,^    p,»+  !>,•+...+  .  Pif-^p'^-O. 

f%=KPx  +^A  +  •  •  •  +  KPn  +  sp  «o, 
and  the  condition  [/i,/a]»0  is  satisfied.    Also  it  is  easily  seen  that  the 
functions /,=.2ij,/^«ip„.../,i+iajp,i-i  satisfy  the  requisite  conditions. 
Hence  we  take 
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ditions 


a^,  a,, .  ..On^i  being  arbitrary  confltants,  and  a»  determined  by  the  con- 
ditionfl 


These  values  of  ^^  . .  .jp«,  p  give 

.-.  ^=aiXi+  . .  .+awrii+  Vlo^.log^+C; 
whence  the  solution  required  is 

a^arj+ .  ..+a,ia?»+ VSa^log«J+C=0, 
which  is  equivalent  to 

log2r=(Jia?j+ . .  .  +  c,x„+l>, 
D  being  arbitrary,  and  c^  . . .  Cn  connected  by  the  equations 

Since  there  are  n— 1  arbitrary  constants,  we  have  a  "complete  primitive  ^ 
as  defined  above. 
EaxtmpU  2.  Have  the  simultaneous  equations 

any  solution? 

Proceeding  as  in  the  last  example,  we  find 

2/,  =  Px'  +!>.'  +  .. .+  !>-•  -^y =0, 
and  the  condition  [/,,/a]=0  is  not  satisfied.    Accordingly  we  write 

From  these  we  find 

and  are  thence  led  to  the  equivalent  system. 

Also  it  is  easily  seen  that  the  functions 
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satisfy  the  conditions 

Hence  we  take 

a^y  Oa,  . .  .a,i-a  being  arbitrary  constants,  and  a«-i,  a«  being  determined 
hj  the  conditions 

«i'  +«,'  +  ...+ a*.' =0, 

and  we  find 
and  therefore 

As  this  valne  of  ^  does  not  involve  z,  there  can  be  no  solution  of  the  given 
equations.    But  the  work  has  shown  that  the  simultaneous  equations 


w 


have  an  "  integral  *' 

containing  n— 1  arbitrary  constants ;  and  that  the  system  of  simultaneous 
equations  formed  by  (a)  and 

dz 

has  the  same  equation  for  a  **  complete  primitive.'' 

Example  3.  Find  the  nature  of  the  solution  of  the  simultaneous  equa- 
tions 


Let 


du        du        _du 


i/,  =  (gr_,)«+(r-y)»-2«g,-2y=0.  ;    ^^ 

Then  we  find 

[/../J=(i'*-iX?+'-y-*> 

Accordingly  the  condition  [/i,/J=0  requires  that 

i)*-l=0, 
or  else  that 

q+r^y^z^O. 
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Now  the  first  of  these  taken  along  with  the  equations  (/3)  leads  to  the 
equivalent  system 

For  this  system  the  conditions 

[/,./.]=o.    [/,./.]=0,    [/./J-0 

are  satisfied ;  and  the  values  of  jp,  q,  r  drawn  from  it  being 

X 

we  find  an  integral 

u=logx+yr±§(y+jp)+C. 
The  second  equation, 

gr+r— y— ^=0, 
does  not  lead  to  any  solution. 

Example  4.  Find  the  possible  solution  of  the  two  simultaneous  equa- 
tions 

f,=x'p+f+zf^^x+y=:0, 

/,= a^^y*+a?*y/>-..ry*— 2r*— a?y=0. 

Here  the  condition  [/„/J=»0  is  satisfied ;  we  have  then  to  find  a  function 
/,  such  that 

[/../.]=o,  [/../.]=o, 

and  it  will  be  easily  found  that 

b  a  common  integral.    We  have  then 
and  py  r  must  be  found  from 

(ar*j>— *)a— j?r*=0 ; 


whence 


„      __a 1 


q^  »Ja-y 

and  we  get  for  a  complete  primitive 


«-(TT^+^°8*-?(«-y)*+VfT^'+^- 
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I.  ^'  The  Organ  of  Corti  in  Mammals.''  By  Urban  FritcharDj 
M.D.,  P.R.C.S.,  Lecturer  on  Physiology  (Evening  Classes), 
King's  College,  London,  Surgeon  to  the  Royal  Ear  Dispen- 
sary. Communicated  by  Prof.  Huxlet,  Sec.B.S.,  LL.D.,  &c. 
Received  January  18,  1876. 

(Abstract.) 

I  have  divided  my  subject  into  three  parts,  namely,  L  The  Structure, 
n.  The  Innervation,  UI.  The  Development  of  the  Organ  of  Corti,  con- 
cluding with  a  few  remarks  on  its  function,  the  mode  of  preparation 
employed,  and  the  nature  of  the  animals  examined. 

Part  I. — The  Stbfotueb  or  the  Obgan  op  Costi. 

This  apparatus,  the  essential  portion  of  the  cochlea,  is  situated  partly 
on  the  lower  lip  of  the  limbus,  or  terminal  portion  of  the  bony  lamina 
spiralis,  and  partly  on  the  membrana  basilaris;  on  either  side  it  is 
bounded  by  epithelial  cells,  being  itself  developed  from  epitheliiun,  as  will 
be  shown  hereafter. 

It  consists  of  the  following  parts  : — 

(1)  The  rods  or  fibres  of  Corti. 

(2)  The  ciliated  or  hair-cells. 

(3)  Certain  nuclear  cells. 

(4)  The  supporting  cells. 

(5)  The  membrana  reticularis. 

(6)  The  membrana  tectoria. 

(1)  The  Bods  of  Corti  are  arranged  in  two  rows,  an  inner  and  an  outer, 
with  their  upper  extremities  in  close  contact,  but  separated  by  a  consi- 
derable interval  below ;  so  that  the  two  rows,  sloping  towards  each  other, 
form  the  roof  of  a  triangular  tunnel. 

The  rods  stand  almost  in  the  centre  of  the  organ,  the  foot  of  the  inner 
rod  standing  on  the  lower  lip  of  the  limbus,  and  that  of  the  outer  on  the 
membrana  basilaris.  On  either  side  of  the  rods  are  situated  the  various 
cells ;  above  and  closely  adherent  to  them  is  the  membrana  reticularis, 
and  above  this  again  lies  the  thick  membrana  tectoria. 

The  form  of  the  rods  is  similar  to  that  of  a  long  bone,  consisting  of  a 
cylindrical  shaft  with  two  enlarged  extremities.  The  lower  of  these  is 
conical  in  both  the  outer  and  inner  rods,  but  their  upper  extremities  or 
heads  differ  considerably  in  form.  The  head  of  the  inner  rod  is  somewhat 
cuboid  in  form,  compressed  laterally ;  and  at  its  upper  part  it  is  prolonged 
into  a  long  slender  process,  which  overlaps  and  covers  the  head  of  the 
outer  rod,  this  process  being  a  direct  prolongation  of  the  upper  surface. 
The  outer  surface  of  this  rod-head  presents  a  concavity  for  articulation 
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with  the  outer  rod ;  and  below  the  concavity  is  a  little  tubercle,  from  which 
point  the  head  tapers  off  to  the  shaft.  The  inner  surface  is  continuous 
with  the  shaft  below,  and  forms  a  distinct  angle  with  the  upper  surface. 
The  sides  are  marked  by  a  raised  curyed  ridge. 

The  head  of  the  outer  rod  is  more  rounded^  and  fits  into  the  concavity 
of  the  inner-rod  head  already  mentioned.  From  its  upper  part  also  pro- 
ceeds outwards  a  process  which  is  more  slender  than  that  of  the  inner- 
rod  head,  and  passes  further  outwards. 

The  length  of  these  rods  is  graduated  (as  I  pointed  out  in  my  former 
paper),  and  ranges  from  y^  inch  (or  *17  millim.)  at  the  apex  of  the  spiral 
to  3^  (or  *05  millim.)  at  its  base,  where  the  two  rods  are  of  equal  length ; 
but  proceeding  upwards  the  outer  increase  in  length  much  more  rapidly 
than  the  inner,  so  that  at  the  apex  the  former  are  twice  the  length  of  the 
latter. 

The  number  of  the  rods  in  each  row  is  not  the  same,  there  being  three 
of  the  inner  for  every  two  of  the  outer.  According  to  a  careful  calcula- 
tion of  mine,  there  are  about  5250  inner  and  3500  outer  rods  in  each 
human  cochlea.  In  substance  they  resemble  delicate  hyaline  cartilage, 
show  a  tendency  to  split  into  fibres,  and  contain  no  nuclei. 

(2)  The  Hair-ceUs  arjs  very  delicate,  columnar  in  form,  with  large  round 
nuclei  and  nucleoli;  the  rest  of  their  contents  is  finely  granular.  Their 
summit  is  flat,  and  from  it  project  a  row  of  four  bristles  or  cilia ;  the  rows 
of  bristles  run  in  the  direction  of  the  spiral. 

There  are  four  rows  of  these  hair-cells,  one  situated  internal  to  the  rods, 
and  the  other  three  to  their  outer  side. 

The  lower  ends  of  the  outer  hair-cells  are  evenly  rounded  ofE,  and  both 
in  man  and  in  the  monkey  this  end  is  enlarged,  giving  the  cell  a  flask- 
shape  ;  the  lower  end  of  the  inner  hair-cells  tapers  off,  and  the  whole  cell 
is  somewhat  larger  than  the  outer  ones.  The  summits  of  all  these  cells 
are  attached  to  the  membrana  reticularis,  and  their  bristles  project  through 
the  circular  meshes  of  that  membrane. 

(3)  The  Nuclear  Cells,  which  include  those  of  Claudius,  Deiters,  and 
the  granular  layer  of  Waldeyer,  besides  some  others  scattered  about. 

These  cells  have  very  distinct  nuclei  with  small  nucleoli,  and  are  sur- 
rounded by  some  protoplasm,  but  have  no  cell-wall ;  they  are  all  connected 
with  nerve-filaments. 

These  are  found : — 1st,  on  the  lower  lip  of  the  sulcus  internal  to  the 
rods,  in  a  mass  of  three  irregular  layers  (this  group  has  been  termed 
the  granular  layer  by  Waldeyer).  2ndly,  below  the  level  of  the  outer  hair- 
cells,  and  corresponding  to  them,  are  found  three  or  four  rows  of  these 
nudear  cells,  which  usually  go  by  the  name  of  the  cells  of  Deiters.  3rdly, 
there  is  one  of  these  cells  found  in  each  lower  angle  of  the  triangular 
tunnel  formed  by  the  sloping  rods.  Lastly,  there  are  one  or  two  scattered 
about,  which  will  be  considered  with  the  nerves. 

(4)  TheSupporting  Cells  of  Henseniovm  the  outer  boundary  of  the  organ  ; 
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they  consist  of  several  oval  or  columnar  cells,  which  gradually  merge  into 
the  epithelial  cells ;  they  form,  in  fact,  the  link  between  the  haii^-cells  and 
the  epithelium. 

One  or  two  similar  cells,  but  with  ill-defined  outlines,  are  found  forming 
the  inner  boundary  of  the  organ ;  these  I  would  term  the  inner  support- 
ing cells. 

(5)  The  Membrana  Beticularis  is  one  of  the  most  peculiar  structures  in 
the  cochlea,  and  has  never  been  satisfactorily  described.  It  consists  of  a 
fibrous  network  which  covers  the  hair-cells  and  rods,  and  is  firmly  attached 
to  them.  On  either  side  it  grows  finer  and  finer,  until  lost  among  the 
epithelial  cells.  The  reticukte  form  of  this  membrane  is  only  seen  when 
viewed  from  above ;  to  the  inner  side  of  the  rods  there  is  only  one  row 
of  regular  circular  meshes,  through  which  the  bristles  of  the  inner  hair- 
cells  project.  Over  the  rods  and  their  processes  the  membrane  passes  in 
the  form  of  long  meshes,  and  in  the  region  of  the  outer  hair-cells  it  pre- 
sents a  very  peculiar  aspect.  Here  there  are  two  forms  of  meshes — ^the 
one  elongated,  called  a  phalanx,  the  other  circular,  called  an  annulus,  so 
arranged  that  each  phalanx  is  surrounded  by  four  annuli.  Through  the 
annuli  project  the  bristles  of  the  outer  hair-ceUs. 

Connected  with  this  reticulate  membrane,  and,  in  my  opinion,  belonging 
to  it,  are  found  three  rows  of  fibrous  cords,  situated  on  the  outer  side  of 
each  row  of  outer  hair-cells.  These  cords,  or  trabeculsB,  pass  downwards 
to  the  membrana  basilaris,  to  which  they  are  loosely  attached  by  an  en- 
larged extremity.  The  trabeculse  have  been  described  by  other  authors  as 
belonging  to  the  hair-cells ;  and  Waldeyer  figures  them,  together  with  the 
hair-cells  and  cells  of  Deiters,  as  forming  so  many  twin  cells.  My  obser- 
vations totally  discountenance  these  views,  as  in  the  upper  part  of  the 
cochlea  these  three  structures  are  seen  to  be  quite  separate,  and  again  in 
the  human  fcBtus  the  two  cells  are  very*  far  apart. 

(6)  T?ie  Membrana  Tectoria  or  'Membrane  of  Corti, — G-reat  miscon- 
ception existed  even  down  to  the  last  few  years  as  to  the  form  and  struc- 
ture of  this  membrane.  It  was  regarded  as  an  elastic  membrane  of  equal 
thickness  stretched  straight  across  from  the  upper  lip  of  the  sulcus 
intemus  to  the  corresponding  projection  of  the  ligamentum  spirale ;  nor 
has  it  yet  been  properly  described.  I  quite  agree  with  later  writers  in 
regardmg  it  as  a  mucous  mass  secreted  from  the  epithelial  cells,  and 
therefore  soft  in  the  fresh  state ;  but  I  further  regard  it  as  only  a  thickened 
portion  of  a  layer  which  lines  the  whole  ductus  cochleas,  and  which  I 
have  traced  right  round. 

The  thickened  portion  forming  the  membrana  tectoria  commences  at 
the  attachment  of  the  membrane  of  Beispner  to  the  limbus,  and  passes 
over  the  teeth  of  the  limbus  as  a  layer  of  equal  thickness ;  then  passing 
outwards  rapidly  increases  in  thickness  as  it  covers  the  organ,  and  gra- 
dually tapers  off  to  the  thin  general  layer,  which,  as  already  stated,  lines 
the  rest  of  the  ductus  cochleie. 
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The  bristles  of  the  hair-cells  penetrate  into  this  membrane,  which  itself 
is  analogous  to  the  otolith  mass  of  the  vestibule. 

The  organ  of  Gorti  is  not  found  at  the  two  extremities  of  the  lamina 
spiralis. 

The  whole  organ  increases  regularly  in  breadth  from  base  to  apex  of 
the  spiral,  measuring  in  the  cat  -^  inch  near  the  base,  and  y|^  inch  near 
the  apex. 

The  height,  taken  at  the  rod-heads,  varies  very  little ;  but  in  the  region 
of  the  outer  hair-cells  it  again  regularly  increases  from  base  to  apex. 

The  component  parts  are  further  separated  from  each  other  on  pro- 
ceeding up  the  spiral.  The  rods,  as  already  stated,  increase  in  length, 
the  heads  widen,  and  the  processes  elongate.  The  hair-oells  increase  in 
height  and  breadth,  and,  lastly,  the  cilia  or  bristles  themselves  regularly 
elongate  from  base  to  apex  of  the  cochlea. 

In  man  and  monkeys  (but,  curiously  enough,  in  no  other  animals)  a 
further  change  takes  place ;  the  number  of  the  outer  hair-cells  increases 
from  three  to  four,  and  at  the  apex  to  five  rows. 

These  observations  of  mine  are  original,  except  as  regards  the  increase  in 
the  organ  as  a  whole. 

Part  n. — The  Innbetation  op  the  Ob.qas  ot  Cobti. 

The  cochlear  nerve  in  the  substance  of  the  modiolus,  in  passing  upwards, 
gives  off  branches  at  right  angles,  which  traverse  a  spiral  ganglionic  mass, 
the  ganglion  spirale,  and  then  enter  the  lamina  spiralis.  This  ganglion 
is  situated  in  the  lamina  at  the  base,  and  gradually  becoming  more  central 
in  position,  is  found  entirely  in  the  modiolus  at  the  apex ;  its  cells  are 
bipolar  fusiform,  averaging  -nj^  of  an  inch  in  man  and  most  mammals,  but 
are  much  larger  in  the  porpoise,  averaging  ^^  inch.  The  nerve-fibres  run 
in  bundles,  which  form  a  plexus,  to  the  end  of  the  lower  lip  of  the  limbus, 
where  they  perforate  its  upper  surface,  and,  losing  their  dark  borders, 
reach  the  organ  of  Corti.  The  filaments  are  now  divided  into  two 
groups — ^an  inner,  passing  to  the  parts  internal  to  the  rods,  and  an  outer, 
passing  to  the  opposite  side  of  those  bodies.  The  inner  principaQy  enter 
and  appear  to  terminate  in  the  adjacent  mass  of  nuclear  cells  (the  granular 
layer  of  Waldeyer) ;  one  large  filament,  passing  through  one  of  the  nuclear 
cells,  goes  to  the  inner  hair-cell  and  enters  its  lower  extremity.  The 
outer  group  may  be  divided  into  three  sets,  which  all  pass  between  the 
rods  and  traverse  the  triangular  tunnel.  The  upper  filament  passes  along 
the  roof  of  the  tunnel,  and  on  reaching  the  other  side  of  the  outer  rod 
traverses  a  nuclear  cell,  and  then  passes  on  to  the  first  of  the  outer  hair- 
cells.  The  middle  filament  traverses  the  centre  of  the  tunnel  and  enters 
the  same  nuclear  cell,  besides  sending  a  branch  downwards  to  another  of 
the  nuclear  cells.  The  third  or  lower  filament  nms  along  the  fioor  of  the 
tunnel,  being  connected  with  the  two  nuclear  cells  in  the  lower  angles  of 
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it;  on  the  Outer  side  of  the  rods  this  filament  enters  the  nndear  cell, 
which  has  received  the  descending  branch  from  the  middle  filament ;  and 
this  cell,  again,  is  connected  with  the  first  cell  of  Deiters  by  another  filament. 
Filaments  in  the  form  of  festoons  connect  the  hair-cells  with  each  other, 
and  analogous  nervous  connexions  are  found  between  the  cells  of  Deiters. 
Besides  these  I  have  found  numerous  detached  filaments,  so  arranged  as 
to  give  the  appearance  of  a  plexus  throughout  the  outer  part  of  the  organ. 
This  arrangement  of  the  outer  group  of  nerve-filaments  has  not  been 
demonstrated  before;  up  to  the  present  time  it  is  only  the  middle 
filament  that  has  been  described. 

Part  III. — The  Developmeitt  of  the  Orqas  of  Cobti. 

The  organ  of  Corti  is  developed  from  certain  of  the  epithelial  cells  lining 
the  ductus  cochlea,  which  at  first  consist  of  a  single  layer  of  cuboid  cells ; 
later  on,  those  cells  which  line  the  floor  and  sides  of  the  canal  elongate 
into  the  columnar  form,  while  those  lining  the  inner  part  of  the  floor 
become  longer  still,  and  their  nuclei  multiply  two,  three,  and  fourfold. 
On  the  outer  side  of  these  are  five  cells,  from  which  the  chief  part  of  the 
organ  is  developed ;  these  I  term  the  five  primary  cells. 

The  limbus  is  next  developed  and  the  sulcus  formed,  the  latter  being 
completely  filled  up  by  the  tall  columnar  cells  with  proliferated  nuclei ; 
these,  however^  dwindle  down  again  as  age  advances. 

The  contents  of  the  first  or  innermost  of  the  five  primaiy  oelk  are 
divided  into  two  transversely,  the  upper  division  forming  the  inner  hair- 
cell,  the  lower  a  nuclear  cell.  The  same  change  takes  place  in  the  third, 
fourth,  and  fifth  primary  cells,  their  upper  division  forming  the  outer  hair- 
ceUs,  and  the  lower  the  cells  of  Deiters.  The  rods  are  developed  from 
the  second  primary  cell,  which  does  not  divide  transversely,  but  widens  at 
its  base  so  as  to  form  b  triangular  cell,  the  inner  and  outer  sides  of  which 
thicken  and  form  the  rudimentary  inner  and  outer  rods.  As  this  widen- 
ing increases,  the  protoplasm  disappears  from  the  centre,  forming  the  tri- 
angular tunnel,  and  the  nucleus  divides  into  two,  one  for  each  of  the  lower 
angles  of  the  tunnel.  The  rods  enlarge  at  their  upper  and  lower  extremi- 
ties, but  do  not  attain  their  pc^rfect  form  until  after  birth ;  at  this  period 
the  angle  of  the  inner^rod  head  has  not  been  developed,  besides  which  the 
shafts  are  much  thicker  and  more  clumsy  in  form  than  in  adult  life. 

The  membrana  reticularis  is  developed  from  the  free  border  of  the  five 
primary  cells  and  a  few  of  the  other  adjacent  tall  ones,  but  the  exact 
manner  in  which  the  reticulation  is  formed  has  not  been  made  out. 

The  trabecule  are,  like  the  rods,  developed  from  the  side  of  primary 
cells ;  and  although  only  three  (on  the  outer  side  of  the  rods)  persist  in 
adult  life,  yet  at  birth  numerous  fine  trabecules  are  found  to  the  inner  side 
of  the  rods. 

I  regard  the  membrana  tectoria  as  a  secretion  from  part  of  the  general 
epithelial  layer ;  it  first  appears  as  a  thick  but  even  layer,  and  as  age  ad- 
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Taaoes  that  portion  which  coyers  the  organ  increases  considerably  in  thick- 
ness. 

From  the  foregoing  observations  it  will  be  seen  that  the  rods,  membrana 
reticularis,  and  trabecule  are  developed  from  the  walls  of  the  original 
epithelial  cells,  whereas  the  hair-  and  various  other  cells  are  formed  from 
their  contents ;  and,  lastly,  that  the  membrana  tectoria  is  a  secretion  from 
the  same  original  epithelium. 

2%«  Function  of  iJu  Organ  of  Corti, 

It  is  generally  assumed  that  this  p^rt  of  the  labyrinth  is  concerned  in 
appreciating  the  pitch  and  quality  of  sounds ;  and  there  are  two  prevalent 
theories  to  account  for  the  manner  in  which  this  is  accomplished.  The 
first,  Helmholtz's,  assumes  that  each  of  the  rods  of  Corti,  which  are  not  of 
uniform  dimensions  but  graduated  in  length,  as  I  clearly  demonstrated 
in  1871,  vibrates  in  unison  with  a  certain  note,  when  produced  in  the 
outer  wall,  and  in  vibrating  afEects  certain  nerve-filaments,  which  carry  off 
the  impression  to  the  brain. 

The  second  theory  regards  these  rods  as  mere  supports,  and  assumes  the 
hair-cells  to  be  the  only  essential  structures. 

The  only  objection  of  importance  to  Helmholtz's  theory  is  the  fact  that 
there  are  no  rods  in  the  cochlea  of  birds. 

As  regards  the  second  theory  it  is  very  incomplete,  as  it  does  not  by 
itself  explain  the  appreciation  of  the  variations  in  pitch  and  quality.  To 
make  up  for  this  deficiency,  however,  some  further  mechanical  theories 
have  been  suggested. 

Hensen  was  of  opinion  that  the  membrana  basilaris,  whose  breadth  is 
also  graduated,  acts  as  the  mechanical  appreciator,  whereas  Hasse  believed 
that  office  to  be  performed  by  the  membrana  tectoria.  Both  of  these  ideas 
are  not  only  very  unsatisfactory  but  obviously  fallacious,  when  the  posi- 
tion and  structure  of  these  membranes  are  considered. 

For  my  own  part  I  prefer  adhering  to  Helmholtz's  view,  with  the 
modification  that  the  rods  are  concerned  only  indirectly,  and  that  their 
vibrations  affect  the  hair-cells  connected  with  them,  so  as  to  cause  an  im- 
pression to  be  transmitted  through  the  nerve-filament  to  the  brain.  I 
consider  it  highly  probable  that  the  graduation  in  the  length  of  the  bristles 
alone  may  account  for  the  appreciation  of  the  variations  to  a  considerable 
extent ;  but  I  cannot  believe  for  one  instant  that  the  rods  and  rest  of  the 
organ  are  so  beautifuUy  graduated  for  no  special  purpose. 

The  membrana  tectoria  is  undoubtedly  analogous  to  the  otolith  mass 
of  the  vestibule ;  and  I  agree  with  Waldeyer  in  regarding  it  as  a  damper 
to  the  vibrations. 

The  method  of  preparation  usually  employed  was  as  f oUows : — 

The  cochle®  were  always  quite  fresh. 

They  were  hardened  in  a  ^per-oent.  solution  of  chromic  acid  in  ordi- 
nary methylated  spirit ;  ten  days  required. 
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Decalcified  in  l-per-oent.  solution  of  nitric  acid  in  water. 

Transferred  directly  to  gum-water,  soaked  a  few  hours,  and  then  placed 
in  a  paper  bag  surrounded  by  spirit. 

Imbedded  in  Stirling's  machine  and  cut. 

Gum  gradually  dissolved  away  in  proof  spirit. 

Mounted,  stained  or  otherwise,  in  glycerine  or  Canada  balsam. 

I  have  examined  the  cochleae  of  the  following  mammals : — man,  mon- 
key, sheep,  dog,  cat,  rat,  guineapig,  rabbit,  porpoise,  kangaroo.  With 
the  exception  of  the  peculiarities  in  man  and  monkeys  referred  to,  I  have 
found  a  striking  similarity  in  the  organ  of  Corti  of  all  these  animals. 

Unfortunately  all  my  efforts  to  procure  the  cochlea  of  a  monotreme 
have  as  yet  proved  unsuccessful,  a  circumstance  much  to  be  regretted, 
as  I  fully  anticipate  that  it  presents  some  appearances  which  link  the 
very  dissimilar  cochleae  of  mammals  and  birds. 


II.  '^  Preliminary  Note  on  the  Compound  Nature  of  the  Line- 
Spectra  of  Elementary  Bodies.*'  By  J.  N.  Lockter^  P.R.S. 
Received  January  20,  1876. 

In  a  former  communication  to  the  Eoyal  Society  (Proc.  vol.  xxii.  p.  380, 
1874)  I  referred  briefly  to  the  possibility  that  the  well-known  line- 
spectra  of  the  elementary  bodies  might  not  result  from  the  vibration  of 
similar  molecules ;  and  I  was  led  to  make  the  remark  in  consequence  of 
the  differences  in  the  spectra  of  certain  elements  as  observed  in  the  spec- 
trum of  the  sun  and  in  those  obtained  with  the  ordinary  instrumental 
appliances. 

I  have  now  clear  evidence  that  the  molecular  grouping  of  calcium  which, 
with  a  small  induction-coil  and  small  jar,  gives  a  spectrum  with  its  chief 
line  in  the  blue,  is  nearly  broken  up  in  the  sun,  and  quite  broken  up  in 
the  discharge  from  a  large  coil  and  jar,  into  another  or  others  with  lines 
in  the  violet. 

I  say  "  another ''  or  "  others,"  because  I  have  not  yet  been  able  to 
determine  whether  the  last-named  lines  proceed  from  the  same  or  dif- 
ferent molecules  ;  and  it  is  possible  we  may  have  to  wait  for  photographs 
of  the  spectrum  of  the  brighter  stars  before  this  point  can  be  determined. 

This  result  enables  us  to  fix  with  very  considerable  accuracy  the  electric 
dissociating  conditions  which  are  equivalent  to  that  degree  of  dissociation 
at  present  at  work  in  the  sun. 

I  beg  permission  to  append  the  following  Letter  from  Prof.  Stokes  and 
my  reply : — 

March  3,  1876. 

Mt  deas  Logkyeb, — You  might  perhaps  like  that  I  should  put  on 
paper  the  substance  of  the  remarks  I  made  last  night  as  to  the  evidence 
of  the  dissociation  of  calcium. 
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When  a  solid  body  such  as  a  platinum  wire,  trayersed  by  a  yoltaic  cur- 
rent, is  heated  to  incandescence,  we  know  that  as  the  temperature  increases, 
not  only  does  the  radiation  of  each  particular  refrangibility  absolutely 
increase,  but  the  proportion  of  the  radiations  of  the  different  refrangibili- 
ties  is  changed,  the  proportion  of  the  higher  to  the  lower  increasing  with 
the  temperature.  It  would  be  in  accordance  with  analogy  to  suppose 
that  as  a  rule  the  same  would  take  place  in  an  incandescent  surface, 
though  in  this  case  the  spectrum  would  be  discontinuous  instead  of  con- 
tinuous. Thus  if  A,  B,  C,  D,  E  denote  conspicuous  bright  lines,  of  in- 
creasing refrangibility,  in  the  spectrum  of  the  vapour,  it  might  very  well 
be  that  at  a  comparatively  low  temperature  A  should  be  the  brightest  and 
the  most  persistent ;  at  a  higher  temperature,  while  all  were  brighter  than 
before,  the  relative  brightness  might  be  changed,  and  C  might  be  the 
brightest  and  the  most  persistent,  and  at  a  still  higher  temperature  E. 
If,  now,  the  quantity  of  persistence  were  in  each  case  reduced  tOl  all  lines 
but  one  disappeared,  the  outstanding  line  might  be  A  at  the  lowest  tem- 
perature, C  at  the  higher,  E  at  the  highest.  If  so,  in  case  the  vapour 
showed  its  presence  by  absorption  but  not  emission,  it  follows,  from  the 
correspondence  between  absorption  and  emission,  that  at  one  temperature 
the  dark  line  which  would  be  the  most  sensitive  indication  of  the  presence 
of  the  substance  would  be  A,  at  another  C,  at  a  third  E.  Hence,  while  I 
regard  the  facts  you  mention  as  evidence  of  the  high  temperature  of  the 
sun,  I  do  not  regard  them  as  conclusive  evidence  of  the  dissociation  of  the 
molecule  of  calcium. 

Yours  sincerely, 

G.  G.  Stokes. 

5  Alexandra  Boad, 

Finohley  Boad,  N.W., 
March  6, 1876. 

Dbab  Pbofbssob  Stokss, — ^I  was  not  prepared  for  your  suggestion,  as 
it  was  the  abnormal  and  not  the  normal  behaviour  of  Ca  which  led  me 
to  investigate  it. 

D  is  darker  than  any  other  of  the  Na  lines,  and  H  in  the  chromosphere 
at  the  Ga  level  is  red,  while  in  the  coronal  atmosphere  it  is  green ;  t.  e, 
the  Uast  refrangible  line  is  developed  by  increase  of  temperature,  and 
not  the  more  refrangible  one*. 

I  am  not  the  less  grateful  to  you  for  your  suggestion ;  and  so  soon  as 
I  can  obtain  the  use  of  a  more  powerful  coil  I  will  go  over  the  ground  as 
completely  as  I  can. 

*  [The  point,  however,  ie,  Whioh  ii  the  mosi  penistent  line  at  the  reepective  tempe- 
ratorea,  t.  e.  the  laat  to  disappear  when  the  quantity  of  ■nbstance  present  is  continually 
reduced  ?  and  Mr.  Lockyer  himself  has  shown  that  the  line  which  is  the  most  con- 
Bpicuous  when  there  is  substance  enough  present  to  show  several  lines  is  by  no  means 
necessarily  the  most  penistent. — G.  G.  S.] 
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Are  70a  quite  sore  that  the  moleciilfu*  structure  of  the  platinum  wire 
18  oonstaat  while  it  behaves  as  you  say  it  does  ? 

I  beg  you  will  permit  your  letter  and  this  to  appear  in  the  Proceedings. 
It  will  make  my  note  more  useful  if  you  will. 

Believe  me 

Very  faithfully  yours, 

J.  NOBMAN  LOCKTISB. 


III.  "On  the  Influence  of  Coal-dust  in  Colliery  Explosions.'' 
By  W.  Galloway.  Communicated  by  Prpfessor  Frankland^ 
F.B.S.    Beceived  February  4,,  1876. 

In  coal-mines  in  which  the  temperature  of  the  workings  is  considerably 
higher  than  the  mean  annual  temperature  at  the  surface,  there  is  usually 
a  layer  of  rubbish  on  the  floor  of  the  roadways  and  air-ways,  which  con- 
sists, in  some  places,  almost  entirely  of  dry  coal-dust,  and  in  others  oi 
coal-dust  mixed  with  small  pieces  of  coal  and  stone. 

If  it  could  be  shown,  therefore,  that  a  mixture  of  air  and  coal-dust  is 
inflammable  at  ordinary  pressure  and  temperature,  there  would  be  no 
difficulty  in  accounting  for  the  extent  and  violence  of  many  explosions 
which  have  occurred  in  mines  in  which  no  large  accumulations  of  fire- 
damp were  known  to  exist ;  for  it  is  only  necessary  to  suppose  that  a 
sudden  gust  of  wind  (originated,  for  example,  by  the  explosion  of  a  small  * 
accumulation  of  firedamp)  had  swept  through  the  adjoining  galleries, 
raising  a  doud  of  dust  into  the  air,  and  then  all  the  other  phenomena 
would  follow  in  regular  order.  The  flame  of  the  originally  inflammable 
mixture  would  pass  directly  into  the  newly  formed  one,  expanding  its 
volume;  the  disturbance  would  be  propagated  over  an  ever>widening 
area,  until  that  area  might  possibly  become  coextensive  with  the  work- 
ings themselves ;  and  the  consequences  would  be  the  same  as  if  the  whole 
space  had  been  flUed  with  an  inflammable  mixture  before  the  disturbance 
began. 

The  accounts  of  colliery  explosions  published  in  this  counttj  hardly 
ever  allude  to  the  existence  of  coal-dust ;  and  when  they  do  so,  in  one  or 
two  cases,  it  is  for  the  purpose  of  suggesting  that  the  gases  disengaged 
from  it  by  the  heat  of  the  firedamp-flame  would  no  doubt  be  ignited,  and 
tend  to  increase  the  force  of  the  explosion*.     This  seems  all  the  more 

*  Sinoe  the  aboye  was  written,  my  attention  has  been  called  to  the  following  obeer- 
vations  by  Faraday  and  Lyell  (Phil.  Mag.  1845) :— "  In  conaidering  the  extent  of  the 
fire  for  the  moment  of  explosion,  it  is  not  to  be  supposed  that  firedamp  is  its  only 
fuel ;  the  ooal-dust  swept  by  the  rush  of  wind  and  fiame  from  the  floor,  roof,  and  walU 
of  the  works  would  instantly  take  fire  and  bum,  if  there  were  oxygen  enough  in  the 
air  present  to  support  its  combustion ;  and  we  found  the  dust  adhering  to  the  £u9e  of 
the  pillars,  props,  and  walls  in  the  direction  of  and  on  the  side  towards  the  explosion. 
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remttrkable  when  it  is  remembered  that  a  mixture  of  air  with  seyeial  other 
combttstibk  solids  in  a  finely  divided  state  is  explosive  at  ordinary  pres- 
sure and  temperature,  and  that  some  serious  explosions  have  been  caused 
by  the  accidental  ignition  of  very  fine  dry  flour  suspended  in  the  air  in 
confined  spaces. 

This  subject  has  attracted  more  attention  in  Prance.  In  the  first 
Number  of  the  *  Annales  des  Mines '  for  the  year  1875  there  are  some 
notes  referring  to  it,  together  with  a  paper  by  M.  Vital,  Ing^nieur  des 
Mines.  M.  Vital  describes,  in  a  very  minute  manner,  aQ  the  phenomena 
produced  by  an  explosion  in  the  Gampagnac  colliery  on  the  2nd  of  No- 
vember, 1874.  A  shot,  which  blew  out  the  tamping,  was  fired  in  one  of 
the  working-places,  in  a  seam  of  bituminous  coal,  and  was  accompanied 
by  an  explosion  which  burnt  three  men  so  seriously  that  they  died  within 
a  week.  No  flredanqi  had  been  detected  in  this  phoe  at  any  time;  but 
as  the  floor  was  covered  with  vary  fine,  dry  coal-duBt,  and  as  idie  shot  was 
fired  at  the  bottom  of  the  &ce,  and  would  conHBgngntly  aawe  a  doud  of 
dust,  it  was  oonnluded  that  nothing  but  the  instoxtanflfans  oomhustion  of 
coal-dust,  under  the  influence  of  the  afant,  could  aooount  for  tiie  accident. 

The  writer  tiien  describes  the  nature  of  the  eoal-dust,  hoik  in  jregard 
to  the  siie  of  the  particles  and  their  chemical  compoutian ;  jmd  afterwards 
he  gives  an  aoeount  of  some  experiments  oanducted  by  him  in  the  Bodez 
labonrtory,  ior  tiie  purpose  of  aseertaining  to  what  eixtait  a  flame  resem- 
bling tiist  of  «  shot  is  lengthened  when  suddenty^  hmflsdinto  an  atmo- 
sphere coasMtiiig  of  air  wi&  fine  ooal^diiBt  anspenAed  in  it.  In  con- 
cluding, he  says : — "  Very  fine  coal-dust  is  a  cause  of  danger  in  dry 
working-places  in  which  shots  are  fired;  in  well-ventilated  workings  it 
may  of  itself  alone  give  rise  to  disasters;  in  workings  in  which  firedamp 
exists  it  increases  the  chances  of  explosion ;  and  when  an  accident  of  this 
kind  does  occur,  it  aggravates  the  consequences." 

I  had  carefully  thought  over  this  subject  for  a  considerable  time  before 
I  had  seen  M.  Vital's  paper,  and  had  come  to  a  conclusion  somewhat 
different  from  his.  It  was  this:  that  air  mixed  with  certain  propor- 
tions of  firedamp  and  dry  coal-dust  would  be  explosive  at  ordinary  pres- 
sure and  temperature,  although  the  presence  of  the  same  proportion  of 
one  of  the  combustible  ingredients,  or  the  otiier,  alone,  might  be  insuffi- 
cient to  confer  this  property  on  the  mixture.    I  derived  Una  opinion 

inenaaing  gradually  to  a  oertain  diitanoe  aa  we  neared  the  place  of  ignition.  Thii 
depoiit  was,  in  some  parts,  half  an  inch,  and  in  others  almost  an  inch  tfaibk ;  it  ad- 
hered together  in  a  friable  ooked  state ;  when  eiamined  with  the  glass  it  presentsd  tbe 
fused  round  form  of  bomt  ooal^ast,  and  when  examined  ehemioally,  and  oomparad 
with  the  coal  itself  reduced  to  powder,  was  found  deprived  of  the  greater  portion  of 
the  bitiimen«  and  in  some  cases  entirely  destitute  of  it.  There  is  every  reason  to 
beUeve  that  much  coal-gas  was  made  from  this  dust  in  the  very  air  itself  of  the  mine 
by  the  flame  of  the  firedamp,  which  ndsed  and  swept  it  along ;  and  much  of  the 
earhon  of  this  dust  remained  tmbumt  only  for  want  of  air.** 
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117  from  flie  eantideftiiw  1M,  lAhaA  dsuM^ 
gwes  cm  BOpplaiit  each  ottwir  in  cwrtiin  aqiuTiIaiit  pcopoortiQni  m 
tuzee  which  will  jnat  ignite  ftt  ^ren  tompemtmefl,  and  that  finely  dmdad 
eomlmatiUe  solids  haTe  pibbaUy  the  same  pru|wtiy  to  acme  extent 

Aooordinglj,  when  an  opportuniiy  oocurred  on  the  8rd  of  Jnly  laat^  I 
made  ezperimente  to  teet  the  ooneetneaB  of  these  Tiews.  An  af^Moatiis 
for  testing  safety-lamps  in  an  exploeiTe  conrent  had  been  eveeted  for  my 
nse  at  Uwynypia  Colliery,  in  the  Bhondda  yaUey,  thzoni^  flie  fcindneis 
of  Mr.  A.  Hood,  the  Munngiiig  Dizector,  and  Mr.  W.O.  M^Mnrtrie,  tiie 
Manager  of  the  Glamorgan  Ckwl  Oompany's  Ckdlieriea ;  and  by  havingit 
altered  slightly,  I  was  aUe  to  employ  it  also  in  making  experiments  with 
ooal-^ost.    This  apparatus,  of  which  fig.  1  is  a  yertieal  section,  consists 


of  a  horizontal  wooden  box  or  pipe,  18  ft.  9  in.  long,  by  12  in.  deep,  by 
6  in.  wide  inside;  it  was  connected  with  the  covered  top  of  the  upcast 
shaft  by  means  of  a  vertical  box  of  the  same  dimensions  as  itself  in  cross 
section,  and  4  feet  long.  A  and  F  are  sliding  valves  for  regulating  or 
shutting  off  the  air-current;  B  is  a  glass  window,  and  h  a  small  door  on 
the  top  of  the  box;  D  a  wooden  pipe  4  in.  square  inside,  by  2  ft.  long; 
C  a  hopper  for  letting  the  coal-dust  into  the  apparatus,  and  c  an  iron 
pipe  2  inches  in  diameter,  closed  at  the  top  by  a  wooden  plug  which 
projected  above  the  top  of  the  hopper;  lastly,  E  is  a  malleable  iron  pipe, 
which  conducted  firedamp  from  a  closed  space  underground,  in  which 
there  is  a  strong  blower. 

The  valve  at  F  having  been  closed,  and  that  at  A  opened  somewhat,  a 
current  of  air  passed  up  through  D  into  the  apparatus,  and,  flowing  past 
B,  escaped  into  the  upcast,  which  is  connected  with  an  exhausting-fan. 
A  naked  light  was  then  placed  inside  the  apparatus  at  B,  opposite  the 
window ;  the  hopper  was  filled  with  coal-dust  and  the  plug  withdrawn 
to  a  short  distance  above  the  top  of  c,  and  moved  about  gently.  The 
coal-dust  falling  through  e  into  the  upper  end  of  D  was  winnowed  by  the 
air-current;  the  larger  particles  fell  down  through  D  on  to  the  ground 
below,  and  the  fine  dust,  with  which  the  whole  air-current  was  charged, 
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passed  over  the  naked  flame  at  B,  and  thence  into  the  upcast.  The 
flame  of  the  naked  light  seemed  to  lengthen  somewhat  under  these  cir- 
cumstances ;  but  on  no  occasion  did  the  mixture  take  fire,  or  show  any 
symptoms  which  led  me  to  suppose  it  might  possibly  do  so.  I  repeated 
this  experiment  many  times,  both  with  steam-coal  dust  and  with  the 
finest  and  driest  dust  of  the  No.  3  Bhondda  seam,  which  is  an  excellent 
coking  coal,  and  invariably  obtained  the  same  result.  The  air  was  charged 
at  different  times  with  every  proportion  of  dust,  from  a  thin,  scarcely 
visible  cloud  to  one  which  extinguished  the  flame  of  the  lamp. 

The  following  analyses  of  the  two  kinds  of  coal-dust  employed  in  these 
experiments  have  been  kindly  made  by  Dr.  Frankland : — 

Stoam-Coal  dust.  Bituminous-Coal  dust. 

Carbon   85-295      82-570 

Hydrogen 5-040      5-400 

Oxygen  (by  difference) . .       1-261      6-030 

Nitrogen    -608      1-050 

Sulphur -692      -800 

Moisture    -614      -670 

Ash     6-490      3-480 


100-000  100-000 

In  some  of  the  experiments  with  coal-dust  and  air  alone,  the  dust  of 
the  bituminous  coal  was  carefully  dried  and  sifted  through  muslin  before 
being  used. 

The  results  of  these  experiments,  and  of  others  which  I  have  made 
since,  seem  to  indicate  very  conclusively  that  a  mixture  of  air  and  coal- 
dust  is  not  inflammable  at  ordinary  pressure  and  temperature. 

When,  however,  a  small  quantity  of  firedamp  was  allowed  to  pass  into 
the  apparatus  at  E,  the  valve  E  being  partly  opened  to  determine  an  air- 
current  from  E  towards  B,  the  mixture  of  air,  firedamp,  and  coal-dust 
was  found  to  be  somewhat  explosive. 

This  experiment  was  conducted  in  the  following  way: — A  safety-lamp 
was  placed  in  the  apparatus  at  B,  and  the  quantity  of  firedamp  was  regu- 
lated until  the  flame  of  the  safety-lamp  showed  no  indication  of  its  pre- 
sence. The  safety-lamp  was  then  removed  and  replaced  by  a  ni^ed 
light,  and  coal-dust  was  admitted  at  C.  The  effect  was  instantaneous; 
for,  as  soon  as  the  cloud  of  coal-dust  touched  the  flame,  (in  explosion  took 
place,  and  the  box  was  fllled  with  a  red  flame,  which  continued  to  bum 
until  the  supply  of  coal-dust  was  cut  off  or  the  air-valves  closed.  The 
naked  light  inside  the  apparatus  was  raised  up  to  the  top  by  means  of  a 
wire,  just  before  the  coal-dust  was  admitted,  in  order  to  ascertain  that 
there  was  not  an  explosive  mixture  of  gas  and  air  at  that  point. 

I  have  extracted  the  following  analysis  of  the  firedamp  employed  in 
this  and  all  the  experiments  that  follow  from  a  paper  by  Mr.  J.  W. 
Thomas  <'  On  the  Gases  enclosed  in  Coals  from  the  South- Wales  Basin, 
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and  the  G^m  evolved  firom  Blowers  and  by  Boring  into  the  Coal  itselfy" 
printed  in  the  Journal  of  the  Chemical  Sodety,  September  1874. 

Clomporition 
in  1(X)  parts. 

Marsh-gaft 94-78 

Hydride  of  ethyl 0'90 

Carbonic  anhydride 0*72 

Nitrogen    3-aO 

100K)0 

Although  I  was  satisfied  after  this  with  the  correctness  of  my  hjrpo- 
thesis  in  regard  to  mixtures  of  air,  firedamp,  and  coal-dust,  I  could  not 
consider  this  form  of  the  experiment  to  be  q.uite  satisfactory ;  for  it  was 
always  possible  that  the  coal-dust,  in  falling  through  the  branch  D,  might 
diminish  the  quantity  of  air  sufficiently  to  enable  it  to  form  an  explosive 
mixture  with  the  constant  quantity  of  gas  entering  the  apparatus. 

On  the  4th  of  December  last  a  serious  explosion  occun^  in  New  Tre- 
degar Colliery,  and  on  the  6th  two  others  f oUowed^  in  Swaithe  and  Llan 
Collieries.  I  made  an  official  investigation  into  the  circumstances  attend- 
ing the  explosion  in  the  last-mentioned  colliery,  and  was  fortunate  enough 
to  be  able  to  visit  the  workings  within  two  and  a  half  hours  after  its 
occurrence,  when  the  ventilation  was  only  partially  restored.  At  that 
time  the  air  in  all  the  unventilated  parts  of  the  workings  near  the  level 
in  which  the  explosion  had  taken  place  (as  far  as  they  could  be  explored 
with  safety)  was  so  charged  with  eoaUsmoke,  soot,  and  other  products  of 
the  imperfect  combustion  of  coal,  that  it  was  difficult  to  distinguish 
objects  two  or  three  feet  distant. 

During  this  and  subsequent  visits  to  these  workings,  I  asoertaiBed  that 
the  floor  of  the  level  already  referred  to  was  covered  with  a  layer 
of  dry  coal-dust,  mixed  with  small  pieces  of  coal  and  stone,  throughout 
its  entire  length  (130  yards);  that  for  about  50  yards  next  its  inner  end 
the  ventilation  of  the  level  itself,  and  of  the  working-places  branching 
from  it,  depended  almost,  if  not  altogether,  on  a  convection-current  and 
diffusion ;  and  that  firedamp  was  given  off  occasionally  by  the  coal  and  strata 
at  the  &ce  of  the  level,  and  in  two  other  places  50  or  60  yards  further 
out,  in  sufficient  quantity  to  form  small  explosive  accumulations.  It 
was  asserted,  moreover,  that  no  accumulation  of  explosive  gas  was  known 
to'exist  anywhere  in,  or  near,  this  part  of  the  workings  an  hour  before  the 
accident;  and  as  there  were  naked  lights  in  each  of  the  working-places, 
an  explosive  accumulation  which  might  be  formed  in  one  of  them  could 
not  find  its  way  into  any  of  the  others  without  passing  one  of  these 
lights  and  being  ignited  by  it.  It  was  impossible,  therefore,  that  a  lar^ 
accumulation  of  gas  could  have  been  formed  within  the  hour  which  pre- 
ceded the  explosion. 

On  the  other  hand,  there  were  traces  of  coked  coal-dimt  on  the  timbers, 
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extending  oyer  a  distance  of  322  yards  of  the  workings,  pointing  to  the 
presence  of  a  large  body  of  inflammable  matter ;  and  yet  the  amount  of 
damage  done  was  insignificant.  The  traces  on  the  props  undoubtedly 
indicated  the  direction  in  which  the  air  was  travelling  when  the  coked 
coal-dust  was  deposited;  and  I  could  not  satisfactorily  reconcile  the 
various  directions  indicated  in  this  way,  except  on  the  supposition  that 
the  inner  end  of  the  level  (O,  fig.  2)  had  been  the  origin  of  the  explosion; 


that  in  the  level  itself  and  in  the  two  places  (O',  O")  branchiug  from  it  to 
the  dip  (the  only  branches  in  which  the  traces  were  distinct),  the  coke 
was  deposited  during  the  retrograds  movement  of  the  air;  and  that  in  the 
places  leading  from  the  outer  end  of  the  level  (O'")  it  was  deposited 
during  its  outward  movement. 

If  we  supposed,  for  example,  that  all  the  coke  had  been  deposited  while 
the  air  was  moving  away  from  the  origin  of  explosion,  it  would  be  neces- 
sary to  assume  three  distinct  origins,  one  in  each  of  the  dip  places  at 
points  wiiere  no  gas  could  possibly  accumulate  (0^  O"),  and  one  at  the 
outer  end  of  the  level  (O'"),  where  there  was  no  cavity  in  the  roof,  and 
where  the  whole  of  the  ventilation  was  passing. 

Every  circumstance  tended  to  show  that  some  explosive  gas  had  accu- 
mulated at  the  inner  end  of  the  level,  where  there  was  no  ventilating  cur- 
rent; that  this  gas  had  ignited  at  one  of  the  naked  lights,  raising  a  cloud 
of  dust  along  the  level  by  its  explosion,  and  that  there  had  been  sufficient 
firedamp  in  the  air  occupying  the  level  to  form  a  weak  explosive  mixture 
when  the  coal-dust  was  added. 

There  could  be  no  doubt  whatever  that  the  whole  of  the  air  in  the 
level  contained  some  firedamp,  so  that  it  became  a  matter  of  importance 
to  ascertain  the  smallest  quantity  required  to  make  air  explosive  when 
coal-dust  is  added ;  and  with  this  object  in  view  I  made  further  experi- 
ments on  the  13th  of  December. 

The  apparatus  at  Llwynypia  Colliery  was  altered  somewhat.    Fig.  3 
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represents  the  new  arrangement.  The  same  wooden  box  was  employed ; 
but  instead  of  connecting  it  to  the  top  of  the  upcast,  a  small  blowing- 
fan  (A)  driven  by  a  steam-turbine  was  joined  to  it  at  one  end,  and  the 
other  end  was  left  open.  B  and  D  are  windows;  G  the  hopper  for  coal- 
dust;  and  E  one  of  two  sluice-valyes,  which  can  be  pushed  into  the  box 
from  each  side  until  they  meet  in  the  middle,  when  they  stop  the  air- 
current  coming  from  the  fan. 

The  fan  draws  the  air  into  two  chambers,  one  above  and  the  other 
below  the  blades ;  from  these  chambers  the  air  passes  into  the  fan  itself, 
downwards  and  upwards  through  central  openings,  and  is  expelled  into 
the  apparatus  through  a  tangential  pipe. 

The  firedamp-pipe  passes  through  one  of  the  air-holes  into  the  lower 
chamber,  and,  being  turned  up  at  the  end,  terminates  close  to  the  blades. 

The  whole  of  the  firedamp  coming  from  the  blower  is  allowed  to  pass 
into  the  fan;  and  as  there  is  always  an  inward  draught  through  the 
air-inlets,  the  whole  of  it  passes^into  the  apparatus  thoroughly  mixed 
with  air. 

The  qualitative  experiment  with  this  apparatus  is  made  in  the  follow- 
ing way: — The  fan  having  been  set  in  motion,  a  current  of  air  and  fire- 
damp traverses  the  apparatus  in  the  direction  of  the  arrow.  A  safety- 
lamp  is  then  placed  in  the  box  opposite  the  window  (B),  and  the  velo- 
city of  the  current  is  increased  by  opening  the  valves  at  £  until  the 
flame  of  the  lamp  gives  no  indication  of  the  presence  of  the  firedamp. 
After  this  the  safety-lamp  is  removed  and  two  naked  lights  substituted, 
one  opposite  each  window;  and  coal-dust  is  supplied  through  the  hopper. 
As  soon  as  the  cloud  of  coal-dust  reaches  the  flame  at  D,  it  takes  fire, 
and  either  explodes  backwards  against  the  current,  or  fills  the  box  with 
a  red  flame  from  D  to  the  end,  according  to  the  amount  of  firedamp  in 
the  mixture.  Meanwhile  the  lamp  at  B  continues  to  bum  exactly  as 
before,  showing  no  indication  of  the  presence  of  the  firedamp.  This 
experiment  is  quite  conclusive. 

The  quantitative  experiment  is  slightly  different.  A  safety-lamp  is 
placed  at  B,  and  the  valves  at  E  are  closed  very  gradually  until  the  cur- 
rent becomes  explosive;  the  velocity  is  then  measured  at  D  by  means  of 
a  small  anemometer,  observed  through  the  window.  After  this  the 
valves  are  opened  to  any  desired  extent;  the  velocity  of  the  current  is 
again  measured;  the  anemometer  is  removed,  and  a  naked  light  sub- 
stituted for  it  at  D,  and  coal-dust  is  admitted  at  G. 

On  the  16th  of  December  I  found  that  the  current  of  air  and  firedamp 
alone  was  just  explosive  when  its  velocity  was  155  feet  per  minute;  and 
two  other  observations,  made  during  the  intervals  between  the  experi> 
ments  with  coal-dust,  gave  respectively  156  and  153  feet.  Again,  on  the 
5th  of  January  it  became  explosive  at  150  feet  per  minute.  On  the 
former  occasion  the  velocity  was  increased  to  296,  331,  337,  440,  523, 
and  543  feet  per  minute,  and  on  the  latter  to  714,  808,  900,  and  1060. 
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At  the  whole  of  these  velocitiefl  the  mixture  became  inatantly  Inflain- 
mable  when  ooftl-diist  was  added  to  it,  and  fiUed  the  apparatua  from  B 
to  0  with  a  large  amok  J  flame,  which  set  the  wood  on  fire  when  continued 
for  more  than  a  few  seconds.  At  a  rather  higher  velocitj  than  the  lasts 
the  coal-dust  did  not  make  the  mixture  inflammable;  I  did  not,  howeyer, 
determine  the  exact  point  at  which  it  ceased  to  haye  this  effect. 
'  By  other  experiments  I  found  that  a  mixture  consisting  of  1  volume  of 
this  firedamp  and  16  volumes  of  air  is  inflammable,  and  that  with  16 
.volumes  of  air  it  is  not  inflammable  at  a  temperature  of  67^  Fahr. 
Making  use  of  these  data,  then,  to  calculate  the  composition  of  the  mixr 
ture  passing  through  the  apparatus  during  the  last  of  the  second  series 
of  experiments,  we  find  that  the  relative  volumes  of  gas  and  air  were 
9*375  and  140*625  at  a  velocity  of  150  feet  per  minute;  whereas  they 
were  9*375  and  1050-625  at  1060  feet  per  minute,  or  1  firedamp  to 
112-06  air  in  the  latter  case. 

In  order  to  obtain  reliable  results  from  these  experiments,  it  was  ne- 
cessaiy  to  have  some  means  of  ascertaining  that  the  whole  of  the  fire- 
damp entered  the  apparatus  at  the  low  velocities,  and  that  the  &n  exerted 
no  exhausting  force  on  the  gas-pipe  in  Hie  opposite  cases.  For  this 
purpose  the  2-in.  gas-pipe  was  terminated  at  a  distance  of  16  inches  from 
the  fan,  and  the  gas  was  conducted  from  this  point  to  the  centre  of  the 
fan-chamber,  through  a  l|-inch  pipe  fitted  loosely  into  the  former  to  a 
distance  of  about  a  foot;  a  very  delicate  means  of  observing  the  state  of 
the  pressure  in  the  gas-pipe  was  also  provided  by  having  a  small  hole 
punched  in  it  at  a  distance  of  15  feet  from  the  fan,  and  keeping  a  jet  of 
gas  continually  burning  at  that  point. 

When  the  velocity  of  the  current  was  low,  gas  escaped  through  the 
space  between  the  two  pipes,  and  discovered  its  presence  when  a  light 
was  applied  to  it.  It  was  then  necessary  to  close  some  of  the  air-inlets 
to  the  fan,  either  partially  or  wholly,  until  a  flame  held  at  the  junction 
of  the  gas-pipes  was  drawn  inwards;  at  the  same  time  the  flame  of 
the  jet  15  feet  off  had  to  be  carefully  observed,  so  that  the  closing  of  the 
inlets  might  not  be  carried  too  far.  When  the  velocity  was  greatest,  on 
the  other  hand,  all  the  air-inlets  were  opened ;  and  although  air  was 
drawn  through  the  junction  of  the  gas-pipes,  the  height  of  the  flame  of 
the  jet  already  referred  to  did  not  diminish  to  an  appreciable  eltent.     * 

Having  ascertained  in  the  manner  just  described  that  when  air  con- 
tains only  a  very  small  quantity  of  firedamp  (0*892  per  cent,  of  its 
volume)  it  is  capable  of  forming  an  inflammable  mixture  with  coal-dust, 
we  are  naturally  led  to  inquire  into  the  means  by  which  the  presence  of 
firedamp  is  usually  ascertained  in  mines;  and  we  find  that  the  universal 
practice  at  the  present  day  is  to  carry  a  safety-lamp  into  the  atmosphere 
to  be  examined,  and  observe  the  indications  of  the  flame.  When  the 
atmosphere  is  explosive,  or  nearly  so,  these  indications  are  unmistakable; 
but  when  the  proportion  of  firedamp  is  small,  it  is  necessary  to  pull  dowi| 
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tfaewii&iiiitiltlidflMiiaiioidjabQntanfligfatiiotto  indi  hifljh  (tliife  b 
to  My,  imta  it  hM  little  or  no  yellow  odour  rmiuJningX  and  obeerve 
wheAer  it  has  a  *'  cap  "  above  it  or  not  The  oap  is  •  spiiidle-ahaped  or 
eonieal  blue  flamei  more  tnnapareat  than,  and  appearing  to  rest  npoUt 
the  oil-Same;  it  aeema  to  be  dne  to  die  eombnation  of  that  part  of  Ihe 
mixture  of  firedamp  and  air  which  becomes  heated  to  die  temperature  at 
which  its  adiTe  consHtoents  can  oomfame.  It  is  known  tibat  when  the 
cap  is  large,  there  is  much  flrsdamp  in  the  air;  when  it  is  small  that 
there  is  little;  and  when  there  is  no  cap,  it  is  afanoat,  if  not  quite  uni?er- 
saHy  assumed  tiiat  there  is  no  firedamp  present. 

There  is  not,  howoTor,  so  &r  as  I  know,  any  pnbfished  information  of 
a  definite  kind  concerning  tiie  appearances  presented  by  die  cap  in  mix- 
tures of  firedamp  and  air  in  difiEerent  proportions ;  I  have  therefore 
made  a  few  experiments  in  order  to  obtain  these  data  for  the  purposes 
ef  this  paper.  The  experiments  were  made  on  the  17di  of  January,  in 
^le  cabin  near  the  bottom  of  die  Na  8  Fit,  Llwynypia  OoDiery.  The 
firedamp  employed  was  from  the  same  source  as  that  witti  whidi  the 
eoal-dust  experiments  were  made,  and  was  obtained  from  a  pipe  dose  to 
the  door  of  die  cabin.  The  apparatus  consisted  of  a  measuring-cylinder, 
a  mixing-cylinder,  a  lamp,  a  backet  for  holding  water,  and  some  india- 
rubber  tubes.     The  measuring-cylinder  (fig.  4)  is  10  inches  long  bj 


2  inches  in  diameter ;  it  has  a  cock  (a  and  b)  in  the  middle  at  each  end, 
and  a  branch  cock  from  each  of  these  (e  and  d) ;  it  has  also  a  water- 
gauge  a,  opposite  which  there  are  marks  and  figures  on  the  eylmdsr 
showing  the  parts  into  which  its  vdume  can  be  dirided.    The  mirisg^ 
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cylinder  (fig.  5)  is  2  feet  long  bj  8  inches  in  diameter;  it  has  a  cock  (e  and/) 
at  each  end,  a  water-gauge  at  the  side,  and  a  scale,  each  division  of 


which  represents  one  volume  of  the  measuring-cylinder.  In  the  interior 
it  is  divided  into  three  compartments  by  two  diaphragms  (g  and  h) ;  these 
compartments  communicate  with  each  other  through  ten  j-inch  holes 
(o  o)  in  each  diaphragm,  ranged  in  a  circle  whose  centre  is  the  axis  of 
the  cylinder.  Fig.  6  represents  the  essential  parts  of  the  lamp  appa- 
ratus in  section.  It  consists  of  a  wick-holder  and  an  oil  vessel,  above 
which  there  is  a  chamber  6,  with  a  branch  pipe  (a)  on  one  side  and  a 
dzcolar  opening  (o  o)  on  the  top.  This  is  surmounted  by  a  glass  chimney 
(d)  covered  on  the  top  with  a  piece  of  tin-plate  (c),  in  which  there  is  a 
i-ioch  zoiind  hole  (d).  The  water-bucket  is  of  the  same  capacity  as  the 
miziiig-ejiinder,  and  has  a  cock  on  one  side  at  the  bottom.  The  india- 
niblMr  tabes  are  used  for  the  purpose  of  connecting  the  cylinders  with 
eadi  other,  with  the  water-bucket,  &c.  Each  cylinder  can  be  filled  with 
wailir  or  emptied^  as  may  be  required,  by  connecting  the  cock  at  its  lower 
eiii  with  the  one  in  the  water-bucket,  and  placing  it  below  or  above  the 
liVd  of  Ae  water  in  that  vessel  after  the  cocks  have  been  opened. 

ejlindars  are  filled  with  water  in  the  first  place :  the  water  in 
one  is  then  allowed  to  flow  out,  the  cock  at  its  upper  end 
to  the  atmosphere,  until  it  contains  any  desired  number  of 
I  of  sir,  each  volume  equal  to  the  capacity  of  the  smaller  cylinder. 
I  oodc  at  the  top  of  the  smaller  cylinder  is  connected  \nth  the  gas- 
pipo;  die  branch  cock  e  is  opened,  and  firedamp  allowed  to  pass  through 
it  M  as  to  expel  the  air  from  the  india-rubber  tube ;  the  jet  of  gas  is 
iginted  and  kept  burning,  while  the  water  is  permitted  to  flow  out  at 
ftimifl  the  required  volume  of  gas  b  obtained :  all  the  cocks  are  then 


Tbib  two  cylinders  are  now  connected  together  at  both  top  and  bottom, 
care  being  taJkan  that  the  upper  connecting-tube  is  filled  with  firedamp 
and  the  lower  one  with  water  when  the  connexion  is  made ;  the  four 
cocks  are  opened,  and  the  small  cylinder  is  so  placed  that  its  top  is  just 
below  the  level  of  the  water  in  the  other.    The  gas  is  thus  quickly  trans- 
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fierred  to  the  mmng-cjlmder,  and  after  this  all  the  oocks  are  dosed  and 
the  cylinders  diRConnected. 

With  this  apparatus  the  Tolumes  of  gas  and  air  can  be  measured  with 
considerable  accuracy  and  rapidity. 

The  quantity  of  water  remaining  in  the  mixing-cylinder  varied  in  the 
different  experiments  from  60  to  300  cubic  inches.  Accordingly,  when 
this  cylinder  was  inverted,  the  water  ran  down  through  the  holes  in  the 
diaphragms  into  the  lowest  compartment,  and  a  corresponding  volume  of 
the  gases  was  forced  to  take  the  opposite  course ;  and  I  found  that  by 
inverting  it  forty  times  in  succession  and  pausing  each  time  until  the 
sound  of  the  running  water  bad  ceased,  a  comparatively  perfect  mixture 
of  the  gases  was  obtained  for  each  experiment.  The  homogeneity  of 
the  different  parts  of  these  mixtures  was  attested  by  the  fact  that, 
whereas  the  whole  of  the  one  composed  of  1  volume  of  firedamp  and  15 
volumes  of  air  was  inflammable,  none  of  the  mixture  of  1  firedamp  to  16 
air  was  so. 

The  wick  of  the  lamp  (fig.  6)  having  been  carefully  trimmed,  was 
drawn  down  until  the  flame  presented  the  appearance  of  a  small  blue 
hemisphere,  about  J  inch  high  by  \  inch  diameter  at  the  base,  and  having 
a  conical  speck  of  yellow  in  the  middle  near  the  top ;  the  tube  a  was 
then  connected  with  the  top  of  the  mixing-cylinder,  and  the  mixture  was 
forced  into  the  chamber  h  at  the  rate  of  about  2^  cubic  inches  per  second. 
All  other  lights  were  removed  from  the  cabin  during  this  part  of  the 
experiment,  and  the  various  phenomena  were  observed  in  what  woaU 
have  been  total  darkness  but  for  the  feeble  light  of  the  lamp  itaelf. 

The  different  mixtures  employed  consisted  of  1  volume  of  firedamp  to 
14.  lo.  IT),  IS,  L>0.  2.-,,  30,  40,  .50,  and  60  volumes  of  air.     The  experi- 
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metits  were  begun  at  11  ▲.¥.,  and  oonduded  at  6  p.|c.  The  meteoro- 
logical obflervations  inside  the  cabin  at  3.15  p.m.  were : — temp.  57^  Fabr.; 
humidity  79 ;  bar.  30*15.  The  same  water  was  employed  in  all  the 
experiments ;  and  it  may  be  safely  assumed  that  the  humidity  of  the 
mixtures  of  firedamp  and  air  was  100. 

The  following  phenomena  were  obserred  in  connexion  with  the  differ- 
ent mixtures : — 

1  firedamp  to  14  air — slightly  explosive. 

1  to  15— inflammable :  the  flame  of  the  mixture  would  not  pass  down 
through  the  hole  in  the  tin-plate  cover  of  the  chimney ;  but  when  the 
small  flame,  employed  to  ignite  it,  was  put  through  the  hole  to  a  depth  of 
\  inch  or  so  below  the  tin-plate  cover,  the  mixture  ignited,  and  a  hori- 
eontal,  waving  sheet  of  blue  flame,  occupying  the  whole  sectional  area  of 
the  chimney,  passed  down  through  it  in  about  two  or  three  seconds,  and 
was  extinguished  on  reaching  the  bottom. 

1  to  16  gave  a  voluminous,  waving,  spindle-shaped,  pale  blue  cap  3| 
inches  high. 


Pig;  8  repraeenU  the  fonnt  and  leotional  dimenrions  of  t]ie  various  **  caps,"  from 
tketohM  and  meosurementt  taken  at  the  time  thej  were  obeenred. 
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1  to  18 — a  rimilar  cap  2  inches  high,  which  bamed  rather  more  steadilj. 

1  to  20— a  cap  1-j^  inch  high,  with  nearly  parallel  sides  to  about 
two  thirds  of  its  height,  and  drawn  out  to  a  point  at  the  top.  This  cap 
was  perfectly  steady,  and  more  distinct  than  any  of  the  others. 

1  to  25 — ^a  conical  cap  |  to  f  inch  high. 

1  to  30 — a  conical  cap  |  inch  high. 

1  to  40 — a  conical  cap  ^  to  |  inch  high. 

1  to  50 — an  exceedingly  faint  cap  ^  inch  high,  the  top  haying  the 
appearance  of  being  broken  off. 

1  to  60 — it  was  hardly  possible  to  distinguieh  any  thing  above  the 
small  oil-flame.  If  there  was  any  cap  (which  the  manager  of  the  pit 
and  two  of  the  firemen  who  were  present  considered  excessively  doubt- 
ful), it  was  represented  by  the  frustum  of.  a  cone,  of  which  the  sides 
only  were  visible,  little  more  than  -^  inch  high. 

The  firemen,  whose  principal  occupation  is  to  examine  the  workings 
daily  for  any  symptoms  of  firedamp,  both  asserted  positively  that  they 
would  consider  an  atmosphere  in  which  the  small  oil-flame  burned  as  it 
did  in  this  mixture  to  he  petfeetly  free  from  gas. 

When  the  height  of  the  oil-flame  was  increased  to  |  inch  it  became 
luminous,  and  then  the  cap  was  invisible  inidl  the  mixtures  consisting  of 
1  volume  of  gas  to  25  volumes  and  upwards  of  air.  Similarly,  the  cap  is 
invisible  in  all  mixtures  down  to  the  explosive  one  with  higher  oil-flames. 

On  comparing  these  results  graphically  (fig^  7),  the  divisions  of  the 
base  line,  measured  from  left  to  right,  representing  the  number  of  volumes 
of  air  to  one  of  firedamp,  and  the  length  of  the  ordinates  giving  the 
heights  of  the  corresponding  caps,  measured  from  the  top  of  the  oil- 
flame,  it  is  seen  that  the  curve  drawn  through  the  extremities  of  the 
ordinates  is  roughly  approximate  to  the  form  of  a  rectangular  hyperbola. 
I  have  therefore  drawn  that  curve  for  comparison  through  the  top  of 
the  ordinate  which  corresponds  to  20  volumes  of  air. 

It  is  evident  that  the  heights  of  these  caps  are  in  some  degree  propor 
tional  to  the  quantity  of  firedamp  consumed  above  the  oil-flame  per  unit 
of  time ;  and,  although  the  methods  by  which  they  were  obtained  are  far 
from  perfect,  the  results  seem  to  point  to  the  existence  of  a  simple  rela- 
tionship between  the  initial  temperature,  the  heat  of  combustion,  and  the 
specific  heat  of  the  various  gases  contained  in  the  mixtures. 

To  recapitulate  in  a  summary  manner  what  has  been  already  said  in 
the  preceding  pages  of  this  paper,  we  have  now  two  principal  facts  before 
us,  which  are  these  : — 

1.  A  mixture  of  firedamp  and  air,  in  the  proportion  of  I  volume  of  the 
former  to  60,  or  more,  volumes  of  the  latter,  gives  no  reliable  indication 
of  the  presence  of  the  inflammable  gas,  when  tested  in  the  manner  usually, 
if  not  always,  adopted  in  mines. 

2.  A  mixture  of  firedamp  and  air,  in  the  proportion  of  1  volume  of 
the  former  to  112  of  the  latter,  becomes  inflammable  at  ordinary  pressure 
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and  tempemtiiret  when  chttrged  with  line  diyooftlHluBt^  soohaatiuit^iiiidi 
is  to  be  found  on  the  roadwajs  in  dry  coal-mines. 

It  aeems,  therefoie,  only  reasonable  to  oondade  that  an  ezplosion, 
originaUd  m  any  way  whaUver^  in  a  mine  of  this  class,  may  extend  itself 
to  remote  parts  of  Uie  workings  whert  the  presence  of  firedamp  woe  quiU 
wuuspecUd^ 

It  is  by  no  means  so  uncommon  as  might  be  imagined  to  find  the  air 
at  the  &ce  of  the  workings  and  in  the  return  ai]>-courses  of  what  are 
considered  to  be  weU-ventilated  mines  showing  a  cap  at  least  ^  inch  high 
on  the  small  oil-flame.  I  refer  to  my  own  observations  in  mines  abound- 
ing in  dry  ooal-dust,  and  reported  to  he  free  from  gae^hecaxiae  no  inflam- 
mable accumulation  was  kiu)wn  to  exist  in  them  at  the  time.  In  these 
cases  the  firedamp  appears  to  be  given  ofiE  quietly  at  a  uniform  rate  along 
the  &ce  of  the  cosl,  but  nowhere  in  such  quantity  as  to  render  the  atmo- 
sphere locally  inflammable.  To  give  some  notion  of  the  volume  of  gas 
given  o&  in  this  way,  I  need  only  mention  that,  in  one  instance,  I  found 
an  air-current,  whose  volume  amounted  to  34,000  cubic  feet  per  minute, 
showiog  a  cap  ^  inch  high.  Taking  this  case  as  an  example,  we  may 
suppose  the  amount  of  air  to  be  doubled,  so  that  where  a  cap  ^  inch 
high  was  to  be  found  formerly  there  is  now  no  trace  of  gas.  Then  we 
know  that,  so  long  as  the  coal-dust  remains  undisturbed,  naked  lights 
might  be  used  with  perfect  safety ;  but  let  it  once  be  raised  and  ignited 
by  a  small  local  explosion  of  firedamp,  or  by  a  shot  such  as  that  which 
caused  the  explosion  in  the  Gampagnac  Colliery,  and  the  final  results  may 
be  of  the  most  serious  description.  In  this  way  some  of  the  great  ex- 
plosions which  have  occurred  in  mines  supposed  to  be  almost,  i£  not 
qnite,  free  from  explosive  gas  may  perhaps  be  accounted  for. 

The  explosion  in  the  Gampagnac  GolUery  might  possibly  have  been 
partly  due  to  the  presence  of  a  small  proportion  of  firedamp  in  the  atmo- 
sphere of  the  working-place  in  which  it  occurred.  That  place  had  been 
driven  in  coal  to  a  distance  of  25  metres  beyond  the  ventilating-current 
of  the  district,  and  was  ventilated  only  by  an  eddy  which  passed  inwards 
along  the  floor  and  returned  along  the  roof ;  and,  although  no  firedamp 
had  been  found  in  it,  the  workmen  were  provided  with  a  safety-lamp 
with  which  they  were  expected  to  make  a  careful  examination  before 
igniting  a  shot.  This  precaution  was  considered  necessary,  since  slight 
explosions  had  taken  place  in  other  parts  of  the  same  mine.  Lastly,  the 
working-place  was  quite  level,  so  that  it  offered  no  opportunity  for  an 
accumulation  of  explosive  gas  to  be  formed  in  it. 

The  most  striking  circumstance,  however,  connected  with  this  explo- 
sion is  that,  although  it  raised  a  dense  cloud  of  coal-dust  along  the  gal- 
lery which  formed  the  prolongation  of  the  place  in  which  it  occurred,  to 
a  distance  of  from  130  to  150  metres,  the  flames  do  not  appear  to 
have  esf^esaded  more  than  7  metres  beymid  the  point  at  which  they  first 
encountered  the  ventilating-current. 
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BimiLirlj,  in  the  case  of  the  Llao  explosion,  I  found  that,  at  a  distance 
of  15  yards  or  so  beyond  the  point  where  the  principal  air-current  was 
met  (Jr,  fig.  2),  the  traces  of  coked  coal-dust  on  the  timber  began  to  grow 
&inter ;  and  although  they  could  be  found  here  and  there  to  a  distance 
of  70  yards  further  towards  e,  they  were  indistinct  for  the  last  40  yards, 
and  resembled  sparsedly  scattered  grains  of  gunpowder.  Let  the  plane 
oil  which  figure  2 is  described  be  elevated,  so  that  the  line  ac  dips  towards 
c  at  an  angle  of  10®  while  fOThs  level ;  then  each  line  on  the  drawing 
represents  a  gallery  about  8  feet  wide  by  5  feet  high  with  solid  coal  on 
each  side  and  rock  above  and  below.  O'"/  is  the  level  referred  to  formerly ; 
thereof  had  fallen  so  as  to  fill  up  most  of  the  gallery  (At),  and  several  dt 
the  places  {ss^  Sm.)  were  also  partially  or  wholly  filled  up.  O  is  the  only 
working-place  shown ;  the  others  were  in  the  pillars  immediately  above 
the  level.  All  the  galleries  terminate  as  shown  in  the  figure,  except  a,  6, 
«,  dy  and  «,  whidi  may  be  supposed  to  continue  indefinitely.  Bends  of  no 
consequence  from  our  present  point  of  view  are  omitted.  Those  galleries 
and  parts  of  galleries  in  which  traces  of  coked  coal-dust  were  found  are 
shown  by  means  of  plain  lines,  and  the  others  by  dotted  lines.  There 
was  a  trap-door  in  the  gallery  a  and  a  stopping  in  b  where  the  traces  ter- 
siinate ;  both  were  blown  out ;  there  was  also  a  stopping  at  g.  The 
arrow-heads  show  the  direction  in  which  the  air  was  evidently  travelling 
when  the  coke  was  deposited  on  the  timbers. 

Before  leaving  this  part  of  the  subject  it  may  not  be  out  of  place  to 
make  a  few  remarks  on  the  influence  of  blasting-shots  in  giving  rise  to 
explosions  in  mines.  I  have  already  had  the  honour  of  submitting  a 
paper  on  the  same  subject  to  this  Society,  published  in  No.  154  o£ 
the  '  Proceedings '  for  1874.  In  that  paper  experiments  were  described 
which  showed  that  an  intense  sound-wave,  such  as  that  originated  by  a 
blown-out  shot,  was  able  to  pass  the  flame  through  the  wire-gause  of  a 
safety-lamp  burning  in  an  explosive  mixture,  l^he  two  hypotheses  ad- 
vanced in  the  reports  of  the  Inspectors  of  Mines  to  account  for  the  simul- 
taneousness  of  explosions  of  firedamp  with  the  firing  of  shots  were  also 
mentioned  (p.  443) ;  and  I  purpose  again  to  refer  to  one  of  these,  namely, 
that  which  supposes  the  firedamp  to  be  ignited  directly  by  the  flame  of 
the  shot. 

There  can  be  no  doubt  that  tiie  gases  which  issue  from  a  shot-hole  have 
a  sufficiently  high  temperature  to  ignite  an  explosive  mixture  of  firedamp 
and  air  if  they  pass  into  it  immediately.  I  exploded  such  a  mixture  of 
ooal-gas  and  air  many  times  by  firing  a  pistol-shot  into  it  when  making 
experiments  at  the  Meteorological  Office  in  the  beginning  of  the  year 
1873.  It  seems  exceedingly  doubtful,  however,  whether  the  gases  even 
from  a  heavily-charged  shot  which  blows  out  the  tamping  will  retain  a , 
sufficiently  high  temperature  to  ignite  a  mixture  of  this  kind  at  a  distance 
of  a  few  yards,  if  they  have  to  pass  through  a  space  filled  with  pure  air 
before  reaching  it.    On  the  other  hand,  it  may  be  reasonably  supposed* 
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that  if  the  same  shot  were  fired  in  yariouB  mixtures  of  firedamp  and  air 
its  flame  would  be  prolonged  more  and  more  as  these  mixtures  drew 
nearer  to  the  explosiye  point,  somewhat  in  the  same  measure  as  the  cap 
on  the  flame  of  a  lamp  enlarges  under  the  same  circumstances.  This  pro- 
longed flame  might  even  partake  of  the  nature  of  a  local  explosion  of 
firedamp,  especially  if  augmented  by  the  presence  of  a  small  quantity  of 
coal-dust,  although  those  who  fired  the  shot  had  not  been  able  to  discover 
the  existence  of  any  explosive  gas  beforehand.  I  undertook  to  investigate 
the  nature  of  mixtures  of  gas  and  air  which  are  not  explosive  at  ordinary 
pressure  and  temperature,  when  I  applied  to  the  Government-Grant  Com- 
mittee for  assistance  in  1872 ;  but  I  regret  to  have  to  say  that,  from  various 
causes,  1  have  not  yet  been  able  to  carry  out  the  necessary  experiments. 

M.  Vital  has  given  experimental  results  which  tend  to  show  that  the 
flame  of  a  shot  is  prolonged  in  a  mixture  of  coal-dust  and  air.  I  have 
repeated  his  experiments  with  gunpowder,  but  without  much  success, 
having  only  once  succeeded  in  getting  the  flame  to  appear  at  the  end  of 
the  apparatus  (fig.  3),  when  the  shot  was  fired  from  a  pistol  in  the  posi^ 
tionjp;  and  as  the  mixture  of  coal-dust  and  air  was  travelling  in  the 
same  direction  at  the  rate  of  about  500  feet  per  minute,  some  deduction 
must  be  made  on  that  account.  The  charge  consisted  of  1*365  gramme 
of  gunpowder  well  rammed.  I  also  placed  a  shield  at  O,  and  fired  many 
shots  through  a  hole  in  the  centre  into  the  current  charged  with  coal-dust ; 
the  amount  of  gunpowder  varied  from  2^  grammes  downwards,  but  on 
DO  occasion  did  the  mixture  seem  to  ignite. 

It  is  always  possible,  however,  that  if  coal-dust  could  be  made  fine 
enough,  and  were  thoroughly  mixed  with  dry  air  in  the  proportion  of 
about  1  pound  to  160  cubic  feet  of  air,  the  mixture  might  be  inflammable 
at  ordinary  temperature,  or,  if  not,  it  might  at  least  be  so  nearly  inflam- 
mable that  an  explosion  begun  in  it  in  a  confined  space  might  be  propa- 
gated through  it.  Without  some  further  proofs,  therefore,  it  would  be 
premature  to  draw  any  positive  inference  from  my  experiments  with 
gunpowder-shots,  as  they  are  by  no  means  so  satisfactory  as  I  could  wish ; 
and  I  am  glad  to  be  able  to  state  that  Professor  Marieco,  of  Newcastle-on- 
Tyne,  intends  to  investigate  this  question  with  more  substantial  apparatus. 

The  occurrence  of  three  great  explosions  within  as  many  days  in  the 
beginning  of  December  last,  seemed  to  indicate  the  influence  of  some 
external  agency  tending  to  produce  the  same  result  in  each  individual 
case.  The  barometer  was  high  and  the  temperature  at  the  sur&oe  ex- 
oeptionaDy  low  at  the  time ;  and  it  is  well  known  that  these  atmospheric 
conditions  are  not  favourable  to  the  occurrence  of  explosions  in  which 
firedamp  alone  is  conoemed.  It  had  been  often  observed  before  that 
disastrous  explosions  happen  most  frequently  during  the  winter  months, 
and  in  some  instances  during  very  cold  weather.  Mr.  Scott  has  recently 
informed  me  that  he  pointed  out  the  latter  circumstance  in  the  year  1867 
in  an  official  let^  to  the  Honie  Office  i  and  in  preparing  the  diagrams 
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for  onr  papers  on  the  Cozixiezion  between  Oollieij  EzplosionA  andWeatber, 
it  was  remarked  by  both  Mr.  Soott  and  myself  that  several  great  explo- 
sions had  occurred  in  the  years  with  which  we  had  to  deal  (1868  to  1872 
inclusive)  during  weather  very  similar  to  that  which  prevailed  in  the 
beginning  of  December  last.  This  phenomenon  was  more  marked,  how- 
ever, on  the  last  occasion  than  at  any  time  during  my  own  experience ;  and 
while  I  was  investigating  the  causes  of  the  Llan  explosion  the  following 
explanation  presented  itself  to  me,  which  I  have  now  the  honour  of  sub- 
mitting to  the  consideration  of  the  Pellows  of  this  Society,  with  the 
remark  that  this  part  of  the  subject  will  be  more  minutely  investigated 
by  Mr.  Scott  and  myself. 

If  we  assume  that  the  magnitude  of  some  colliery  explosions  has  been 
determined  by  the  presence  of  coal-dust  in  the  workings,  and  that  the 
hygrometiic  state  of  coal-dust  changes  with  the  humidity  of  the  air  with 
which  it  is  in  contact,  then  it  is  an  obvious  conclusion  that  explosions  of 
this  kind  will  be  most  likely  to  occur  when  the  air  in  t^  mines  is  driest ; 
for  at  such  times  not  only  will  the  coal-dust  be  most  easily  raised  into 
the  air  by  the  local  explosion  (which  we  may  always  suppose  to  happen 
at  any  rate),  but  it  will  also  be  burned  more  easily  than  when  it  con- 
tains a  larger  proportion  of  moisture. 

As  an  example  we  may  take  the  case  of  a  dry  mine,  in  which  the  tem- 
perature of  the  workings  is  70^  Eahr.  During  warm  weather  the  air 
which  descends  the  shaft  has  a  temperature  of,  say,  60^  when  it  enters  the 
intake  air-course ;  at  this  stage  it  is  also  saturated  with  vapour,  for  there 
is  usually  a  little  water  trickling  down  the  sides  of  a  mine-shaft.  The 
temperature  rises  gradually  as  the  current  draws  nearer  to  the  &ces,  and 
at  length  attains  its  maximum  when  the  newly  exposed  hce  of  the  coal 
has  been  passed.  During  this  process  the  humidity  has  also  been  increas- 
ing  to  some  extent,  always  remaining  below  complete  saturation,  however, 
in  a  mine  of  this  kind. 

In  very  cold  weather,  on  the  other  hand,  the  same  current  may  some- 
times have  a  temperature  of  32^,  or  less,  when  it  reaches  the  bottom  of 
the  shaft ;  and  since  it  passes  through  the  same  workings,  its  tempera- 
ture rises  to  70^  as  before.  It  is  plain,  therefore,  that,  in  the  latter  case, 
the  ventilating-current  must  either  obtain  an  additional  supply  of  mois- 
ture from  the  workings  (about  ^  pound  for  every  1000  cubic  feet  of  air), 
or  it  must  be  drier  than  in  the  former  case  at  every  point  of  its  course. 

Primdfaciej  then,  this  process  of  reasoning  leads  us  to  the  conclusion 
that  explosions  wJiose  magnitude  %8  due  to  the  influence  of  coal-duet  will 
happen  most  frequently  during  cold  weather ;  and,  conveiBely,  we  might 
expect  to  find  that  the  magnitude  of  those  explosions  which  occur  during 
cold  weather  is  traceable,  in  some  measure,  to  the  influence  of  coal-dust. 

The  data  represented  graphically  in  figures  9, 10,  and  11  are  closely 
connected  with  this  part  of  the  subject:  figs.  9  and  10  show  the 
variations  of  temperature  in  the  cabins  at  the  bottom  of  Femdale  and 
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PSgi.  9  k  10.  Firee  are  kindled  near  the  mouth  of  the  Llwynypia  downcast  shaft  to 
heat  somewhat  the  air  which  enters  it  when  its  normal  temperature  is  at  or 
below  the  freeaing-point  This  is  necessary  in  order  to  preyent  the  formation 
of  large  masses  of  ice  on  the  walls,  which  would  be  the  result  if  the  numerous 
springs  which  percolate  the  brickwork  were  permitted  to  freew  for  a  consider- 
able time.  In  this  waj  the  apparent  irregularity  of  the  temperature  observed 
in  the  cabin  of  this  mine  at  the  beginning  of  December  may  be  partly  or  wholly 
aooounted  for. 


LlwynTpia  shafts,  in  the  South  Wales  district,  for  six  weeks  before  and 
after  the  explosions  of  the  4th  and  6th  of  December  last  (these  dates  are 
marked  above  each  curve  by  short  thick  lines);  fig.  11  represents  the 
numbers  of  great  explosions  which  have  occurred  in  each  month  of  the 
year  for  the  last  twenty-five  years  (1851  to  1875  inclusive). 

Pemdale  and  Llwynypia  shafts  are  286  and  380  yards  deep  respectively. 
Th6  cabins,  in  which  the  observations  of  temperature  are  made  daily,  are 
small  chambers  8  to  9  feet  square  by  7  to  8  feet  high,  formed  in  the  coal 
on  one  side  of  a  roadway.  Each  cabin  is  separated  from  the  roadway  by 
a  brick  wall  with  a  door  in  it,  which  is  usually  kept  shut.  The  door  of 
the  caUn  in  the  Femdale  mine  opens  into  the  space  between  two  trap- 
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doors,  in  a  passage  which  connects  an  intake  with  a  return  air-waj.  The 
side  of  the  cabin  on  which  the  thermometer  hangs  is  separated  from  the 
intake  air- way  by  a  thickness  of  6  yards  of  coal ;  this  point  of  the  air- 
way is  130  jards  from  the  bottom  of  the  downcast  shaft,  and  the  cur^ 
rent  of  air  passing  it  amounts  to  21,600  cubic  feet  per  minute.  The 
cabin  in  the  Llwynypia  mine  is  only  16  yards  from  the  bottom  of  the 
shaft,  and  is  situated  at  the  side  of  one  of  the  principal  levels,  where  the 
quantity  of  air  passing  the  door  is  about  30,000  cubic  feet  per  minute. 

The  temperatures  recorded  in  these  two  positions  vary  very  little  from 
day  to  day ;  and  although  they  do  not  represent  the  actual  variations 
taking  place  in  the  temperature  of  the  ventilating-currents,  they  may 
be  accepted,  in  a  general  way^  as  indices  to  the  march  of  temperature  in 
the  intake  air-courses.  Eegarding  them  only  in  this  capacity,  then,  it 
is  interesting  to  observe  that,  in  each  case,  the  temperature  had  reached 
a  minimum  about  the  end  of  the  first  week  in  December. 

The  great  explosions  which  furnish  the  data  for  figure  10  are  those  by 
which  nineteen,  or  more,  men  were  killed ;  twenty  was  originally  the  lowest 
figure,  but  afterwards  four  others  were  included,  by  each  of  which  nine- 
teen men  were  killed.  In  consequence  of  this  restriction  the  Llan  explo- 
sion (17)  is  excluded,  as  well  as  many  others  of  equal  importance. 

Arranging  the  months  according  to  the  number  of  explosions  which 
took  place  in  eacli,  we  have  : — 

December  . .   10  October  ....  4  June   3 

February    . .     6  November  . .  4  January  ....  2 

March    6  April  ......  3  August   2 

July    5  May    3  September  . .  1 

The  six  months  ending  with  March  have  produced  thirty-two  of  these 
explosions,  and  the  other  six  months  only  seventeen.  January  is  excep- 
tionally low  among  the  winter  months,  a  circumstance  which  may  per- 
haps have  some  connexion  with  the  general  cessation  of  work  for  several 
days  at  the  end  of  the  year ;  and  July  is  high  among  the  summermonths, 
indicating  the  effect  of  a  high  temperature  at  the  sur&ce  in  retarding  the 
ventilation.  The  three  explosions  in  May  happened  within  the  same  fort- 
night in  1852  (May  6,  10,  and  20) ;  and  September  is  particularly  ex- 
empt, having  only  one. 

It  may  be  said  in  conclusion  that  the  dangers  arising  from  the  presence 
of  dry  coal-dust  in  mines  may  be  greatly  diminished  by  having  the  coal- 
dust  itself  removed  as  far  as  possible,  and  extending  tiie  system  of  water- 
ing the  roadways,  now  practised  in  many  places  for  the  sake  of  comfort. 
The  same  precautions  are  recommended  in  M.  Yitai's  paper  already  re- 
ferred to. 

It  should  also  be  mentioned  in  this  place  that  the  ventilation  of  many 
mines  will  require  to  be  largely  augmented  before  we  can  reasonably  ex- 
pect to  enjoy  comparative  immunity  from  the  recurrence  of  explosions. 


Digiti 


zed  by  Google 


1876.]  On  the  Magnetic  Declinaiion  at  Lisbon.  878 

March  9,  1876. 

Dr.  GUNTHER,  M.A.,  Vice-President,  in  the  Chair. 

The  Presents  receiyed  were  laid  on  the  table,  and  thanks  ordered  tor 
them. 

The  following  Papers  were  read : — 

I.  ''On  the  Diurnal  Variations  of  the  Disturbances  of  the 
Magnetic  Declination  at  Lisbon.^'  By  J.  Cafello,  Director 
of  the  Lisbon  Observatory.  Communicated  by  Balfour 
Stewart,  F.R.S.,  Professor  of  Natural  Philosophy,  Owens 
College,  Manchester.    Received  February  12,  1876. 

The  Observatory  of  Infante  D.  Luiz  has  possessed  since  1863  a  set  of 
magnetographs  giving  continuous  records  similar  to  those  at  Kew.  In 
1870  the  results  of  the  declination  magnetograph,  from  the  year  1864  to 
1867,  were  published ;  and  in  1874  the  results  for  the  same  period  of 
the  bifilar  and  balance  magnetographs  (results  embracing  the  horisontal 
force,  vertical  force,  total  force,  and  inclination)  were  published.  At 
present  the  results  of  the  declination  for  1868  to  1871  are  in  course  of 
publication. 

The  subject  of  this  short  paper  is  the  diurnal  variations  of  the  disturb- 
ances of  the  declination.  The  method  which  has  been  adopted  for 
reducing  the  disturbances  is  that  of  Sir  Edward  Sabine.  I  have  taken 
+2  millimetres,  or  2'*26,  as  the  limits,  beyond  which  limits  all  readings 
are  regarded  as  disturbed. 

In  separating  for  each  hour  the  disturbances  (that  is  to  say,  the 
excesses  and  the  deficiencies  of  individual  observations  over  the  monthly 
means  for  each  hour),  and  then  taking  for  each  year  on  one  side  all  the 
excesses  and  on  the  other  side  all  the  deficiencies,  we  shall  have  a  series 
of  numbers  in  millimetres  which  represent  the  law  of  the  frequency  of 
these  disturbances. 

In  comparing  the  curves  which  graphically  represent  the  law  of  the 
frequency  of  the  disturbances  (+  West)  and  (—  East)  for  the  8  years 
(1864  to  1871),  it  is  at  once  noticed  that  aO  the  phases  appear  later  (as 
regards  the  hour  of  the  day)  for  the  latter  years.  In  the  easterly  dis- 
turbances this  tendency  is  manifested  whether  we  make  the  comparison 
between  the  curves  of  1864  and  1871  (fig.  1)  or  compare  the  curves  for 
every  2  years  (fig.  2),  or  finally  the  curves  of  the  two  periods  of  4  years 
(fig.  3).  In  the  westerly  disturbances  similar  results  are  found,  but 
they  are  less  marked ;  the  movement  appears  to  be  slower ;  and  it  is  in 
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these  distarbaneefl  more  diiBcalt  to  prove  it  on  aoootint  of  the  close  doable 
maximums  which  show  variations  from  one  year  to  another*. 

However,  it  is  easy  to  see,  in  either  of  the  figs.  4,  5,  or  6,  that  the 
dotted  curves,  are  generally  displaced  to  the  right  of  the  plain.  This 
diffsrence  in  behaviour  between  the  easterly  and  westerly  disturbances 
still  tends  to  support  the  supposition  of  their  different  sources.  It  is 
very  probable  that  these  movements  are  periodical. 

The  staf!  at  the  Observatoxy  who  can  be  engaged  in  measuring  the 
photographic  curves  of  the  magnetograph,  and  making  the  calculations 
upon  the  monthly  tables,  is  at  present  engaged  with  the  curves  of  the 
bifilar  and  balance  magnetographs  for  the  years  1868  to  1871. 

It  would  be  vexy  interesting  to  know  if  similar  displacements  in  the 
disturbance-curves  at  the  stations  in  Asia  and  America  have  been  ob- 
served, and  in  what  direction. 

The  foUowing  Table  gives  the  total  of  the  disturbances  of  the  decli- 
Bation: — 

Wart.  Bait.  BartmndWert. 

milUmt.  millimi.  millimi. 

1864 1666-3  1797-4  3463-7 

1866 1970-6  1598-4  3669-0 

1866 1313-4  1382-6  2696-0 

1867 832-1  1164-5  1996-6 

1868 1636-0  1614-7  3149-7 

1869 1784-9  1766-8  3640-7 

1870 2486-0  1813-3  4299-3 

1871 2046-4  1734-1  3779-5 

13733-7  12760-8  26494-5 

Thus  near  1870,  or  a  little  after,  there  is  a  maximum  period  of 
disturbances,  and  from  1866  to  1867  there  is  a  minimum  period  of 
disturbances,  agreeing  with  the  observed  periods  for  the  maximum  and 
minimum  of  sun-spots. 

II.  "  On  the  Development  of  the  Crustacean  Embryo^  and  the 
Variations  of  form  exhibited  in  the  Larvas  of  88  Genera  of 
Podophthalmia.^'  By  C.  Spbncb  Batb^  F.B.S.  Received 
December  28^  1875. 

(Abstract.) 

The  au^or  states  that,  although  the  general  forms  of  several  genera 
of  PodophAahnons  Cmstocea  are  known,  yet  the  details  of  their  struc- 
ture have  been  so  unsatisfactorily  figured  and  described,  that  the  value 

*  It  is  obMrred  that  Um  hoUow  between  tBe  two  mftTJniwine  abooVnoon  oormponde 
doeelf  to  aaoUwr  eeeoodiiy  maTlinnm  of  the  easterly  dietorbanoee.  It  thus  appeate 
Ihal^  during  the  hoon  20  am.  to  S  tm^  there  ia  another  foree  in  aetion  independenl 
of  tbe  two  pvineipal  IbfoeeL 
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and  importance  of  hereditary  elements  are  incapable  of  being  studied 
and  appreciated. 

Through  Dr.  Carpenter  he  received  from  Mr.  Power  an  offer  of  a  con- 
siderable number  of  larvs  of  exotic  species,  together  with  the  parents 
from  which  thej  had  been  obtained ;  in  relation  to  which  Mr.  Power 
.wrote : — 

"  Deab  Snt, — ^I  have  to  thank  jou  for  your  kindness  in  answering  my 
Jetter  to  Dr.  Carpenter,  and  for  the  mempirs. 

"  My  collection  of  Crustacea  and  the  microscope-slides  of  the  larvae 
are  at  present,  and  have  been,  packed  up  in  Fort  Louis.  Now  I  am 
again  on  detachment ;  and  if  left  here  in  peace  for  a  few  months,  I  shall 
lurange  my  specimens  and  finish  up  the  microscopic  drawings. 

**  All  my  larviB  are  hatched  in  basins  (the  only  kind  of  aquaria  my 
nomad  life  allows  me  to  use),  so  each  crab  or  prawn  &c.  whose  larvs  I 
possess  is  identified  with  its  young ;  and  this  reminds  me  that  on  reading 
Fritz  Miiller's  paper  in  the  '  Annals '  (1864,  vol.  xiv.  p.  104),  I  was 
much  astonished,  as  none  of  the  prawns  or  prawn-allies  whose  young  I 
have  hatched  show  any  such  Nauplius  form  as  shown  in  figures  1  &  3, 
&c. ;  but  all  I  have  observed  as  yet  are  bom  like  fig.  8,  or  near  it. 

''  I  have  been  quite  unable  to  rear  any  crab-larvflB  beyond  a  day  or 
two  after  birth ;  whether  they  require  moving  water  or  not  I  do  not 
know ;  but  certainly,  though  I  have  kept  the  parents  aliViB  for  several 
weeks  in  basins  (the  water  changed  once  or  twice  in  24  hours)  of  salt 
water,  the  same  method  would  not  succeed  with  the  larvas.  I  then 
tried  small  aquaria,  and  signally  failed  again. 

*'  I  have  not  been  in  the  neighbourhood  of  fresh  water  as  yet,  so  have 
had  no  opportunities  of  observing  the  freshwater  Crustacea,  though 
there  are  a  good  ma^y  crab  and  shrimp  forms.  I  have  found  two 
kinds  of  that  curious  parasitic  crustacean  which  adheres  like  a  little  poly- 
pus, a  mere  bag  with  a  peduncle,  but  containing  hundreds  of  young 
Crustacea  whose  genus  I  do  not  know,  as  I  cannot  find  any  account  of 
them  in  Van  der  Hoeven's  *  Zoology  '*. 

/'  If  I  succeed  in  getting  posted  to  one  of  the  regiments  here,  my 
life  will  be  more  stationary,  and  I  shall  have  far  better  chances  of  working 
my  crab-hatchings. 

'-  "In  Fritz  Muller's  paper  before  referred  to,  I  &ncy  that  he  has  not 
hatched  the  different  larva  mentioned.  After  reading  the  paper  very 
carefully,  I  could  not  help  fancying  that  the  various  stages'  of  develop- 
ment were  not  hatched  through,  but  specimens  were  captured  at  different 
times,  and  perhaps  larvie  of  totally  different  species  have  been  givenas  stages 
of  the  same  animal.  I  say  this  with  great  doubt ;  but  reading  the  paper 
will,  I  think,  bring  every  one  to  the  same  conclusion.  Thus  he  says,  *  tiie 
unaltered  NawpUus  form,  probably  the  same  in  which  the  animal  escapes 

'  [*  New  genuf  allied  to  /SSok^w/mm,  which  hatch  lartsB  in  the  drriped  pupa  itage. — 
C.S.B.1  -         - 
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from  the  egg,  came  under  notice  only  once ;'  again,  *  This  krya  (taken 
on  the  13th  of  January)  is  closely  approached  by  four  others,  probably 
belonging  to  the  same  swarm,  which  were  taken  at  the  same  time  (24th 
January) ; '  and  so  on. 

"  To  tow  a  net  in  these  tropical  seas  and  to  examine  all  the  micro- 
scopic Crustacea  would  give  a  most  extraordinary  assemblage  of  forms ; 
but  I  doubt  if  it  is  so  useful  as  tracing  the  steps  of  individuals. 


"  I  have  not  yet  hatched  the  land  Hermit-crabs,  though  I  suppose 
they  are  much  as  the  ordinary  sea  specimens,  and  they  certainly  spend 
their  larval  life  in  the  sea. 

"  Pray  excuse  my  rambliug  letter,  and  please  let  me  know  of  any  way 
in  which  I  can  be  of  any  use  to  you  in  my  humble  dips  into  natural 
history. 

"  Tours  very  truly, 

"  WiLMOT  HeKHY  PoWBB, 
«*  Staff-Surgeon,  Uth  RegL,  U.  Infr 

Some  time  afterwards  the  author  received  the  promised  collection,  to- 
gether with  Mr.  Power's  drawings  and  notes.  These  have  enabled  him 
to  identify  the  parent  forms  of  some  known  larvsa,  and  also  to  deter- 
mine those  of  several  unknown  genera. 

It  has  also  led  him  to  the  conviction  of  a  unity  of  character  through- 
out the  various  forms  and  changes  of  Crustacea ;  that  variety  in  form 
is  never  inconsistent  with  homological  truth  ;  that  parts  suppressed  or 
rendered  abortive  for  want  of  use  are  never  absolutely  lost,  and  may  be 
reproduced  under  conditions  that  may  require  them. 

The  eyes  of  those  Crustacea,  such  as  Alphanis,  that  inhabit  dark  places 
are  reduced  in  power  according  to  the  condition  of  their  habitat.  But  these 
organs  are,  in  their  larval  state,  as  well  developed,  if  not  more  so,  as 
any  of  those  whose  life  is  passed  in  the  bright  sunshine  of  the  sur&ce  of 
the  ocean. 

The  blind  Didamia  brought  from  the  depth  of  four  miles  below  the  surface 
of  the  Atlantic  by  the  dredges  of  the  'Challenger'  differsk  in  no  respect 
from  PolycheUs^  teHk&n.  by  Heller  in  the  comparatively  shallow  Adriatic  sea. 
In  the  blind  prawn  from  the  Mammoth  Cave  of  America,  and  the  sight- 
less Nephrops  of  Formosa,  the  organs  of  vision  are  reduced  to  the  smallest 
condition  consistent  with  their  retention  ;  and  in  the  Cirripedes  the 
eyes  are  represented  by  their  nervous  apparatus  only. 

The  several  forms  of  larva  have  not,  in  the  prawn-allies,  shown  any 
approach  to  the  Nauplius  state,  as  mentioned  by  Fritz  Miiller,  so  that 
the  author  believes  that  it  must  be  confined  to  the  genus  Ptnosm  alone 
among  the  Podophthalmia.  Nor  should  it  be  forgotten  that  the  Nauplius 
form  has  only  been  observed  as  a  free-swimming  animal. 

The  author  has  taken  this  opportunity  of  making  a  close  examination 
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into  the  earlier  stages  in  the  development  of  the  embryo,  and  comparing 
the  progress  within  the  ovum  of  some  of  the  larv®  that  arrive  at  or  near 
maturity  before  being  hatched,  with  those  of  the  larval  forms  that  are 
hatched  in  a  more  immature  condition ;  and  he  states  that,  as  soon  as 
the  protoplasm  assumes  any  thing  like  a  definite  plan,  distinct  lobes,  cor- 
respondingin position  with  those  of  the  several  appendages  in  theNaupUus, 
together  with  an  embryonic  or  ocular  spot,  are  presoit ;  that  in  theNauplius 
forms  they  exist  as  deciduous  appendages  only,  and  are  soon  cast  aside 
and  replaced  by  others  more  adapted  to  the  wants  of  the  adult  exist- 
ence. 

In  the  embryos  of  other  Crustacea  the  anterior  pair  of  lobes  enlarge  in 
size  with  little  alteration  of  form,  while  the  posterior  two  pairs  are  de- 
veloped into  appendages  that  have  but  a  deciduous  value,  since  they  never 
fulfil  the  office  of  permanent  organs,  and  are  generally  cast  off  with  an 
early  moult. 

This  is  observable  within  the  ovum  in  Palannon,  Crangon,  Ac.,  and  also 
in  the  marsupial  embryo  of  Mysis  after  it  has  quitted  the  ovum. 

The  relation  of  these  parts  to  the  permanent  organs  the  author  has 
closely  traced,  and  believes  that  he  has  demonstrated  that  the  three  pairs 
of  mobile  appendages  in  the  cirripedal  or  Naupliusiovm.  of  larva  homolo- 
gize  with  the  eyes  and  two  pairs  of  antennsB,  and  not  with  the  antennae 
and  mandibles,  as  stated  by  Fritz  Miiller,  Anton  Dohm,  and  others. 

The  author,  moreover,  contends  that  the  small  pair  of  filamentary 
appendages  seen  on  each  side  of  the  ocular  spot,  existing  in  the  Nauplii 
of  Cirripedes,  homologize  with  the  peduncular  appendage  existing  in  the 
larva  of  Galigus,  the  arm-like  appendages  in  the  pupa-stage  of  Cirripedes, 
the  peduncle  of  the  stalked  Cirripedes,  and  probably  also  with  the  long 
multiarticulate,  antenna-like  organs  belonging  to  the  fossil  Pterygoius. 

He  also  demonstrates  the  origin  of  the  nerves  in  a  mass  of  cellular 
material  that  reaches  from  one  extremity  of  the  embryo  to  the  other. 
This  divides  into  parts  corresponding  to  the  various  somites  into  which 
the  animal  divides.  These  masses  gradually  separate  from  each  other 
as  the  animal  increases  in  size,  and  concentrate  into  the  several  ganglia 
that  form  the  great  nervous  chain. 

The  author  also  shows  the  origin  of  the  permanent  organs  of  vision, 
and  the  manner  in  which  the  number  of  lenses  increases  with  the  growth 
of  the  animal,  and  traces  the  origin  of  several  of  the  internal  viscera 
and  their  mode  of  growth. 

He  also  figures,  in  minute  detail,  the  larvie  of  the  following  genera 
(those  in  italics  are  from  British  specimens,  while  all  the  others  are 
from  the  collection  sent  to  him  by  M>.  Power)  :— 

PaUemon  fluyialis,  n.  sp.  Alphajus  obesimanus,  Dana, 

squUlay  Leach.  Homaralphajus,  n.  g. 

Crangon  vulgaris^  Leaoh.  Homarus  marinus.  Leach. 

Hymenooera,  Heller,  Palimims  vulgaris. 
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AMtacwfiuviaHUB.  Trapesia  peotinata. 

fiquilla.  •  fiarruginea. 

Poroellana  rugosa.  Pilumnus. 

longicomia,  Melia  tessellata. 

Galathea.  GarpelodeB  rugipes. 

Pagurus  tifaioeiL  Aotinanu  setifer. 

elegani.  Xantho  T^rnnarokii. 

Bernhardus.  Aotiea  obeaa. 

Clibinaruf.  Thia? 

Trichia.  liomera. 

Gklaaimus.  Pirimella  ? 

CyclograpBOf.  Thalamita. 

libtnia.  Aohelous. 

MenAtbeas.  Euripbia. 

Sfenorkynckus,  Tbalassma. 

Mitbrax .  CarcmooyBtus,  n.  g. 


III.  ^'  On  a  Secular  Variation  in  the  Rainfall  in  connexion  with 
the  Secular  Variation  in  amount  of  Sun-spots/'  By  Charles 
Meldkuh,  M.A.,  Director  of  the  Mauritius  Observatory. 
Communicated  by  B.  Stbwaet,  P.E.S.,  Professor  of  Natural 
Philosophy,  Owens  College,  Manchester. 

(Abstract.) 

In  this  paper  the  author  sums  up  the  principal  results  obtained  by  his 
investigations  as  follows : — 

(1.)  Taking  for  the  individual  years  of  maximum  and  minimum  sun- 
spot  those  given  in  par.  4*,  it  is  found  that  the  rainfall  in  the  maxima 
exceeds  the  rainfall  in  the  minima  years  in  each  country  or  district,  and 
therefore  in  all  taken  collectively,  the  mean  annual  excess  for  Great 
Britain  being  1*94,  for  the  continent  of  Europe  3*64,  for  America  5*17, 
for  India  8*98,  and  for  Australia  6*23  inches,  which  gives  a  mean 
excess  of  5*19  inches.  In  Great  Britain  the  rainfall  in  seven  of  the 
nine  years  of  maximum  sun-spot  exceeds  the  rainfall  in  the  corresponding 
seven  out  of  nine  years  of  minim imi  sun-spot;  on  the  continent  of 
£urope  six  out  of  seven  mAYitnik  years  are  similarly  favourable;  in 
America  five  out  of  six  are  favourable,  in  India  four  out  of  six,  and  in 
Australia  two  out  of  three. 

A  comparison  of  the  mean  rainfall  of  all  the  stations  taken  collectively 
gives  an  average  annual  excess  of  7*01  inches  in  favour  of  the  years  of 
maximum  sun-spot,  and  seven  of  the  nine  maxima  years  are  favourable. 

(2.)  It  is  thus  seen  that  the  excess  is  not  owing  to  abnormal  and 
casual  heavy  falls  in  one  or  two  years  of  maximum  sun-spot,  but  that  it 

»  Name!/ :— Yeaw  of  maximam  8im-«pot,  1729,  1739,  1760,  1761,  1770,  1778, 
1789.  1804,  1817, 1829,  1837,  1848, 1860, 1871 ;  years  of  minimum  sun-epot,  1733, 
1743, 1756, 1766, 1776»  1785, 1798, 1811, 1824, 1834, 1843, 1866, 1867. 
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is  evidently  the  result  of  law ;  for  the  years  of  most  sim-spots  are  the 
rainiest  years  generally  in  every  part  of  'the  world  the  rainfall  of  which 
has  been  obtained  for  a  sufficient  number  of  years. 

(3.)  By  taking  three-year  maxima  and  minima  periods,  and  comparing 
their  rainfall,  it  is  found  that  an  increase  of  rain  from  the  minimum 
to  the  next  maximum  period,  and  from  the  maximum  to  the  next  mini- 
mum period,  is  the  general  rule,  with  a  few  local  exceptions,  almost  all 
of  which  disappear  when  means  of  all  the  observations  are  taken.  Thus 
we  find  that  95*7  per  cent,  of  the  three-year  maxima  and  minima  periods 
are  favourable  in  Great  Britain,  75*0  on  the  continent  of  Europe,  88*8  in 
America,  88*2  in  India,  and  87*5  in  Australia,  <fec.,  giving  a  favourable 
mean  percentage  of  87*0. 

(4.)  Taking  the  annual  mean  rainfall  of  the  five  districts  collectively, 
the  percentage  of  favourable  maxima  and  minima  periods  is  91-3,  show- 
ing that  there  is  scarcely  any  exception  to  the  law  of  increase  of 
rain  in  the  years  of  maximum,  and  decrease  of  rain  in  the  years  of 
minimum  sun-spot.  This  fluctuation  is  well  seen  in  the  Tables  contain- 
ing the  annual  mean  rainfall  of  the  globe  (that  is,  of  all  the  stations), 
the  rainfall  of  each  of  the  triennial  periods  being  given  separately. 
Of  the  nine  wettest  and  the  nine  driest  years  77*8  per  cent,  are  within 
two  years  of  the  epochs  of  maximum  and  minimum  sun-spot. 

(6.)  A  large  majority  of  the  entire  sun-spot  periods  are  also  favourable. 
This  is  shown  by  taking  the  annual  rainfall  at  the  same  stations  for  each 
period,  placing  the  rainfall  in  the  years  of  minimum  sun-spot  at  the 
beginning  and  end,  and  the  rainfall  in  the  years  of  maximum  sun-spot 
in  the  middle  of  the  period,  and  observing  whether  the  rainfall  first  in- 
creases and  then  decreases.  Of  the  number  of  entire  sun-spot  periods, 
78'6  per  cent,  are  completely  favourable,  and  some  others  partially 
favourable,  making  the  favourable  percentage  still  greater. 

(6.)  When  the  years  of  greatest  and  least  rainfall  occur  within  two 
years  of  the  years  of  most  and  least  sun-spot  respectively,  they  are  con- 
sidered favourable,  and  unfavourable  when  they  fall  beyond  these  limits. 
From  this  point  of  view,  we  have  for  Great  Britain  72*2  per  cent,  of  the 
wettest  and  driest  years  favourable,  for  the  continent  of  Europe  57*1, 
for  America  66'7,  for  India  83*3,  and  for  Australia  also  83*3,  giving  a 
mean  percentage  of  72*5.  The  mean  rainfall  of  all  the  stations  (globe) 
gives  a  favourable  percentage  of  77*8. 

(7.)  With  respect  to  the  rivers,  the  results,  as  might  be  expected,  are 
similar.  The  depths  in  the  maxima  exceed  the  depths  in  the  minima 
sun-spot  years  by  an  annual  average  of  16*2  inches  (Austrian) ;  and  of 
thirteen  maxima  years,  compared  with  thirteen  minima  years,  there  are 
only  three  in  which  the  excess  is  not  in  favour  of  the  former.  As 
to  the  maxima  and  minima  triennial  periods  79*4  per  cent,  of  them 
are  favourable,  the  rivers,  as  a  rule,  rising  and  falling  with  the 
amount  of  sun-spot.     Of  the  thirteen  entire  sun-spot  periods  77  per 
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cent,  are  fovourable.  Of  the  fifteen  years  in  which  the  depths  were 
greatest  60  per  cent,  were  within  two  years  of  maxima  sun-spot  years, 
and  61*5  per  cent,  of  the  years  in  which  the  depths  were  least  were 
within  two  years  of  minima  sun-spot  years.  The  latter  percentages, 
although  favourable,  are  less  so  than  those  for  the  rainfall,  owing  to 
obyious  causes. 

(8.)  All  the  above  results  have  been  obtained  by  strictly  adhering  to 
the  adopted  years  of  maximum  and  minimum  siin-spot,  and  by  taking 
the  absolutely  wettest  and  driest  years,  however  little  the  rainfall  in 
them  might  differ  from  that  of  other  wet  and  dry  years  in  their  neigh* 
bourhood.  It  is  clear  that  this  was  subjecting  the  hypothesis  to  a  severe 
test ;  for  there  is  some  doubt  as  to  the  positions  of  the  years  of  maxi- 
mum and  minimum  sun-spot,  especially  in  the  earlier  periods  of  observa- 
tion ;  and,  assuming  a  connexion  between  rainfall  and  sun-spots,  it  might 
well  happen  that  the  absolutely  wettest  and  driest  years  would  not 
always,  or  even  often,  fall  within  two  years  of  the  epochs  of  maximum 
and  minimum  sun-spot.  The  results,  therefore,  may  be  considered 
highly  favourable ;  but  they  become  still  more  so  if ,  in  a  few  cases,  the 
epochs  of  maxima  and  minima  be  altered  to  the  extent  of  one  year,  and 
if,  for  the  absolutely  wettest  and  driest  years,  almost  equally  wet  and 
dry  years  be  occasionally  substituted.  A  slight  alteration  of  this  kind 
would,  for  instance,  raise  the  percentage  of  favourable  maxima  and 
minima  periods  on  the  continent  of  Europe  from  75  to  100,  and  make 
aU  the  wettest  and  driest  years  favourable.  Similar  results  woiild  be 
obtained  for  the  other  districts  of  observation. 

(9.)  The  ratios  of  the  maximum  and  minimum  rain&ll  to  the  mean 
rain&ll  (especially  the  latter  ratio)  are  nearly  the  same  for  each  part  of 
the  globe;  and  thisipoiats  to  the  sun  as  the  main  agent  in  producing 
rain&Il  variation.  The  ratios  of  the  maximum  and  minimum  river-depths 
to  the  mean  depth  are  almost  the  same  as  those  for  the  rainfall. 

(10.)  The  years  of  maximum  and  minimum  sun-spot  are  characterized 
by  great  rainfall  and  river  oscillations,  a  circumstance  which  also  points 
to  the  sun  as  the  disturbing  cause  *. 

(11.)  As  the  mean  duration  of  the  sun-spot  period  is  11*1  years, 
while  the  interval  from  the  minimum  to  the  maximum  is  about  3*7  years, 
and  from  the  maximum  to  the  minimum  about  7*4  years,  the  durations 
of  the  rainfall  and  river  cycles,  and  the  intervals  between  their  epochs  of 
TniTiimft  and  maxima  and  maxima  and  minima,  should  approach  those  for 
the  son-spot  cyde,  supposing  that  the  three  cycles  are  connected  by  a 
common  cause.  Now  this  is  found  to  be  generally  the  case.  The 
intervals  between  the  consecutive  wettest  and  between  the  consecutive 
driest  years  for  Q-reat  Britain  are  11*3  and  10*8  years  respectively, 
while  the  interval  from  the  driest  to  the  wettest  years  is  3*9,  and  from 
the  wettest  to  the  driest  years  6*8  years.  For  the  continent  of  Europe 
^  The  greatest  rirer-fluctuations  occur  in  minima  years. 
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the  mean  duration  of  the  period  is  11  years ;  but  the  interrals  are  less 
favourable,  being  5*3  jesj^  from  the  driest  to  the  wettest,  and  5*2  from 
the  wettest  to  the  driest.  The  results  for  America  are  nearly  the  same. 
In  India  the  mean  duration  of  the  period  is  10*8  years,  the  mean  interval 
from  the  driest  to  the  wettest  years  4*6,  and  from  the  wettest  to  the  driest 
5*8  years.  Tor  Australia  we  get  a  mean  period  of  10*7  years,  with  an 
interval  of  4*7  from  the  driest  to  the  wettest  years,  and  of  5*5  from  the 
wettest  to  the  driest  years.  The  means  of  the  five  results  are  as 
follows : — ^Duration  of  period  =  11  years ;  interval  from  driest  to  wet- 
test years  »  4*8  years ;  interval  from  wettest  to  driest  years  s  5*8 
years. 

The  mean  rainfall  of  the  globe  (all  the  stations)  gives  the  following 
results : — Mean  duration  of  period  =  10*6  years ;  mean  interval  from 
driest  to  wettest  years  =  4*9  years ;  mean  interval  from  wettest  to 
driest  years  =  6  years. 

Por  the  river-depths  the  mean  duration  of  the  period  is  11  years ;  the 
mean  interval  from  minimum  to  maximum  3*8,  and  from  maximum  to 
TniniinnTn  6*8  years. 

(12.)  The  results  just  given  are  of  course  only  approximations.  They 
were,  however,  considered  so  favourable  as  to  encourage  a  closer 
examination ;  so  that  whenever  I  procured  a  portion  (at  least)  of  the 
Kew  values  of  the  sun-spot  area,  and  of  Wolfs  relative  numbers,  I  com- 
pared the  former  with  the  rainfall  from  1832  to  1867,  and  the  latter 
with  the  rainfall  and  river-depths  for  the  longest  possible  periods,  and 
on  the  whole  obtained  very  favourable  results. 

(13.)  Supposing  (as  Mr,  J.  Allan  Broun  does)  that  any  connexion 
«that  may  subsist  between  sun-spots  and  rainfall  may  be  approximately 
represented  by  the  equation  A  B  =/A  A^  it  is  found  that  the  values  of/ 
for  Great  Britain,  the  continent  of  Europe,  America,  India,  and  Aus- 
tralia from  1832  to  1867  are  all  favourable,  except  for  America,  where 
it  is  slightly  unfavourable. 

(14.)  There  are,  apparently,  some  discrepancies  between  the  Kew 
values  and  those  of  Wolf  for  the  period  1832-67.  For  when,  in  place 
of  A  A  (dilEerence  of  sun-spot  area  from  the  mean)  we  take  A  r  (difference 
of  Wolfs  relative  numbers  from  the  mean),  we  obtain  favourable  values 
of  /  for  all  the  five  districts. 

(15.)  A  comparison  of  Wolfs  relative  numbers  with  the  rainfall  of 
each  country  for  the  longest  possible  periods  also  gives  very  favourable 
results.  The  agreement  of  A  B  and  i  with  A  r,  in  regard  to  the  signs 
( + )  and  (  —  ),  is  remarkable,  especially  for  the  period  1842  to  1872,  during 
which  the  rainfall  of  a  portion  of  the  southern  hemisphere  is  represented. 
The  values  of  /  in  the  equation  AB  =/A  r  are  favourable  for  each 
country,  and  (taking  all  the  stations)  they  are  also  favourable  for  each 
of  the  seven  sub-periods,  except  the  one  1832-41.  The  whole  period 
of  77  years  give»  for  the  rainfall  of  the  globe  A  B  ss  4-  '06745  A  r ;  and 
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from  this  equation  we  obtain  a  mean  annual  difference  of  6*03  inches  in 
&your  of  the  years  of  maximnm  sun-spot. 

(16.)  A  similar  comparison  of  Ar  with  AD  (differences  of  river- 
depths  from  the  mean)  also  gives  favourable  results.  The  116  years  of 
liver-depths  (1756  to  1871)  compared  with  the  relative  numbers  of  sun- 
spotfl  for  the  same  years  give  the  equations  AD  ==  4-  0*17322  Ar  and 
A  D  =  +  0*12266  Ar.  According  to  these  equations  the  depth  in  the 
years  of  most  sun-spot  should  exceed  the  depth  in  the  years  of  least  sun- 
spot  by  an  annual  average  of  12*69  inches.  For  all,  except  three,  of  the 
11  sub-periods  into  which  the  116  years  are  divided  the  values  of  /  are 
favourable,  and  they  would  no  doubt  be  found  favourable  as  far  back  as 
the  observations  of  river-depths  extend  (1728),  if  we  had  the  sun-spot 
numbers  for  those  years. 

(17.)  Sun-spot,  rainfall,  and  river  curves  laid  down  from  the  Tables 
have,  notwithstanding  some  exceptions,  a  general  resemblance,  which 
cannot,  I  think,  be  ascribed  to  chance.  The  resemblance,  as  might 
be  expected,  is  greatest  in  the  case  of  the  rainfall  curve  for  the  globe. 
Here,  with  the  exception  of  two  or  three  years  in  the  period  1766  to 
1776,  for  which  there  are  only  three  stations,  and  of  three  years  in  the 
period  1832  to  1841,  the  resemblance  is  very  strong. 

(18.)  Of  the  seven  entire  sun-spot  periods  of  rainfall  for  the  globe, 
the  mean  values  of  six  can  be  compared  with  the  mean  values  of  Wolfs 
relative  numbers  by  placing  the  maxima  years  near  the  middle  and  the 
minima  years  at  the  beginning  and  end  of  each  period,  so  as  to  have 
nearly  lUl  the  maxima  years  in  one  horizontal  line,  and  the  minima 
years  in  other  horizontal  Hues.  This  is  done  in  one  of  the  Tables. 
The  river-depths  for  the  same  six  periods  are  similarly  arranged  in 
another  Table.  Then,  applying  Bessel's  formula,  we  get  three  equa- 
tions, the  second  terms  of  which  enable  us  to  lay  down  three  curves 
showing  the  general  progression  of  sun-spot,  rainfall,  and  river-depths. 
The  modification  of  these  curves  l)y  the  third  terms  of  the  equations  is 
shown  by  dotted  curves.  In  a  similar  way  we  obtain  three  other  equa- 
tions and  curves  for  five  sun-spot  periods,  in  which  the  minima  years  of 
sun-spot  are  placed  near  the  middle  and  the  maxima  years  at  the  com- 
mencement and  end.  The  resemblance  of  the  curves  to  one  another  is 
very  striking, 

(19.)  According  to  the  terms  containing  6  and  2  6  in  the  first  three 
equations  the  three  cycles  have  nearly  the  same  lengths.  The  rainfall 
maximum  occurs  4*8  months  after  the  sun-spot  maximum,  and  the  river 
maximum  9*6  months  after  the  rainfall  maximum.  According  to  the 
second  three  equations  the  rainfall  minimum  occurs  10*8  months  afUr 
the  sun-spot  minimum,  and  the  river  minimirai  3*6  months  after  the 
rainfall  minimum.  The  mean  range  of  rainfall  variation  is  6*19  inches, 
and  of  river-depth  variation  16*73  inches.  The  intervals  from  the 
TniTijnifl.  to  the  maxima  epochs  are  in  every  case  less  than  those  from 
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the  maxima  to  the  minima  epochs,  and  the  ratios  of  the  former  to  the 
latter  intervals  are  nearly  the  same  for  all  the  three  cycles. 

(20.)  These  results  will  be  somewhat  modified  by  the  fourth  and  fifth 
terms  of  the  equations  and  by  additional  observations ;  but  at  present 
they  may  be  considered  fair  approximations.  The  mean  excess  of 
rainfall  (6*19  inches)  is  almost  the  mean  of  the  5'19  and  7'20  inches 
previously  obtained,  and  the  16'73  inches  of  river-fluctuation  are  nearly 
the  same  as  the  16*20  inches  found  by  taking  the  means  of  the  depths  in 
the  adopted  maxima  and  minima  years.  The  durations  of  the  periods, 
and  the  intervals  from  minimum  to  maximum  and  from  maximum  to 
minimum,  given  by  the  equations  are  abo  not  very  different  from  those 
given  direclly  by  the  observations. 

(21.)  Although  the  mean  depths  of  the  rivers  have  apparently  been 
decreasing,  yet  the  range  of  variation  has  altered  little.  It  would  thus 
appear  that  there  is  some  general  cause  which  operates  irrespectively  of 
local  causes,  and  that  its  effects  usually  override  all  other  effects.  This 
is  shown  by  the  differences  between  the  greatest  and  least  depths  for 
consecutive  periods  of  ten  to  thirteen  years. 

The  more  numerous  the  observations  the  more  evident  does  a  con- 
nexion between  sun-spots  and  rainfall  become.  At  first  (1872)  the 
rainfall  at  only  three  stations  (Mauritius,  Adelaide,  and  Brisbane)  was 
examined.  To  these  Mr.  J.  Norman  Lockyer,  in  a  paper  ^'On  the 
Meteorology  of  the  Future  "  ('  Nature,'  vol.  vii.  p.  142),  added  the  rain- 
falls of  the  Cape  and  of  Madras,  strongly  expressing  in  favour  of  the 
hypothesis  (even  at  that  early  stage)  an  opinion  which,  though  not  then 
accepted  by  some  meteorologista,  all  subsequent  investigations,  including 
those  of  Mr,  Blanford,  Prof.  Broklesby,  Mr.  Dawson,  Mr.  Ellery,  Dr. 
Jelinek,  Mr.  E.  H.  Scott,  and  Mr.  Symons,  have  amply  justified*.  The 
number  of  stations  has,  in  short,  gradually  risen  from  three  to  144,  and 
the  results  of  each  successive  investigation  have  been  an  improvement  on 
their  predecessors. 

Not  only  has  the  number  of  stations  been  increased;  the  periods 
of  observation  have  been  greatly  extended.  At  first  we  had  only  ten  to 
forty-five  years'  observations,  comprising  at  the  utmost  one  to  four  sun- 
spot  periods.  We  have  now  rainfall  observations  for  seven  and  river- 
observations  for  thirteen  sun-spot  periods ;  and  the  fact  that  the  law 
holds  good  with  the  earlier  as  well  as  with  the  later  observations  is  signi- 
ficant. The  variations  in  the  level  of  the  Elbe,  from  1728  to  1777, 
followed  the  sun-spot  variations  as  regularly  as  those  of  the  rainfall  and 
rivers  have  done  in  lat«r  times. 

The  amount  of  rainfall  variation  is  greatest  within  the  tropics,  and 
seems  to  decrease  as  the  latitude  increases.  This  is  a  point,  how- 
ever, which  requires  further  examination  by  considering  the  observations 
*  I  hare  not  seen  Prof.  Tyndall  and  Mr.  Hennessy's  oontributions. 
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belonging  to  different  zones.  The  positions  of  the  belts  of  .calms  and 
variables  may  be  found  to  hare  a  secular  yariation. 

It  is  to  be  borne  in  mind  that  the  average  excess  of  rainfall  in  the 
maxima  years  (6*19  inches)  is  obtained  by  taking  all  the  observations 
of  whatever  description.  Most  of  the  observations  are  favourable,  but 
others  are  unfavourable.  If  the  former  alone  had  been  taken,  the  excess 
would  be  much  larger.  Now  the  rainfall  at  many  of  the  stations  seems 
to  be  permanently  favourable,  while  at  several  others  it  seems  to  be  per- 
manently unfavourable*;  that  is,  there  are  many  stations  at  which  the 
rainfall  is  invariably,  or  at  least  generally,  greater  in  the  maxima  than 
in  the  minima  years,  while  at  some  others  the  reverse  takes  place.  As 
a  rule,  it  would  appear  that  the  stations  near  the  sea  and  fully  exposed 
to  winds  sweeping  over  a  considerable  expanse  of  water  are  favourable, 
while  the  unfavourable  ones  are  those  exposed  to  winds  passing  over 
land  and  liable  to  be  deflected  by  mountains  and  valleys.  Bombay, 
Madras,  Mauritius,  Cape  of  Good  Hope,  Brisbane,  Melbourne,  Plymouth, 
and  Charleston  (U.S.)  are  among  the  favourable  stations,  and  Calcutta, 
Milan,  and  Trieste  amongst  the  unfavourable.  At  Bombay  (exposed  to 
the  S.  W.  monsoon)  there  has  been  only  one  exception  to  the  general 
law  since  1817,  and  at  the  Cape  of  Good  Hope,  Mauritius,  <&c.,  as  far  as 
observation  extends,  there  has  been  no  exception  at  all.  On  the  other 
hand,  Milan  furnishes  an  opposite  example.  What  we  have  to  do,  then, 
is  to  separate  the  favourable  from  the  unfavourable  stations,  and  to  study 
the  rainfall  of  each  class  by  itself.  The  total  rainfall  of  the  globe 
generally  is  about  6  inches  greater  in  the  maxima  than  in  the  minima 
Bun-spot  years;  but  there  are  local  exceptions,  and  it  is  important  to 
know  their  laws. 

As  the  rainfall  at  a  majority  of  stations  fluctuates  with  the  sun- 
spots,  and  as  the  amount- of  fluctuation  for  these  stations  is  considerably 
greater  than  6  inches,  it  would  probably  be  of  advantage  to  be  able  to 
predict  the  epochs  of  maximum  and  minimum  sun-spots.  Dr.  De  La 
Hue  and  Prof.  Balfour  Stewart  have  shown  that  the  sun-spots  are,  to 
some  extent,  connected  with  the  relative  positions  of  the  planets  and 
sun.  If,  then,  it  were  proved  that  the  sun-spot  period  depends  upon 
the  configuration  of  the  planets,  and  the  rainfall  period  on  sun-spots,  it 
would  be  easy  to  predict  the  general  character  of  the  seasons  for  large 
portions  of  the  globe.  Even  without  this  it  is  possible,  as  recently 
pointed  out  by  Mr.  Ellery,  in  his  Annual  Address  to  the  Boyal  Society 
of  Victoria,  that  there  is  so  much  interdependence  in  the  rainfalls 
of  different  countries,  that,  with  our  present  knowledge  and  with  the 
aid  of  the  telegraph,  we  may  shortly  be  in  a  position  to  foretell  whether 
a  coming  season  is  likely  to  be  a  wet  or  a  dry  one.    The  results  of  the 

*  These  are  few  in  number.  Obaerrations  for  long  periods  show  that  the  law  of 
fluctuation  holds  good  at  a  great  majority  of  stations. 
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present  investigation  warrant  the  inference  that,  generally,  the  rainfall 
of  the  next  two  or  three  years  will  be  below  the  average  rainfall  of  the 
years  1870-3,  and  that,  though  some  places  may  suffer  from  floods,  more 
will  suffer  from  drought.  Prom  all  the  information  I  have  been  enabled 
to  collect,  it  is  not  improbable  that  the  rainfall  of  this  year  (1876),  re- 
markable though  it  is  for  destructive  floods  in  various  parts  of  the  world, 
wiU  be  less  than  the  average.  Floods  are,  apparently,  characteristic  of 
the  setting  in  of  the  minimmn  period  of  sun-spots,  especially  on  the 
continent  of  Europe.  But  these  floods  are  local,  and  the  large  vintAge 
in  Central  Europe  is  an  indication  that,  generally,  the  rainfall  there  for 
at  least  several  months  of  the  year  has  not  been  excessive. 

A  completely  satisfactory  proof  of  a  connexion  between  sun-spots 
and  rainfall  requires  that  the  variation  in  the  rainfall  must  necessarily 
follow  from  the  variation  in  the  sun-spot  area.  We  may  show  that  the 
two  periods,  as  far  as  observation  extends,  are  equal,  that  the  intervals 
between  their  maxima  and  minima  epochs  are  equal,  and  that  the  times 
of  the  epochs  themselves  are  exactly  what  might  be  expected.  It  might 
also  be  argued  that  periodic  constitutional  changes  in  the  sun,  as  in- 
dicated by  the  solar  spots,  must  produce  atmospheric  changes.  But 
granting  all  that,  it  may  be  said  that  so  long  as  there  is  a  bare  possibility 
of  explaining  the  phenomeua  otherwise,  the  evidence  is  incomplete. 
There  may  be  two  independent  causes  at  work,  one  producing  a  sun-spot 
and  the  other  a  rainfall  cycle,  and  the  two  causes  and  effects  may  have 
run  nearly  parallel  to  each  other  for  many  years ;  but  it  does  not  follow 
that  they  will  always  do  so. 

Such  a  possibility  may  exist,  but  it  seems  to  be  a  rather  remote 
one ;  and  in  order,  if  possible,  to  make  it  still  more  remote,  it  may  be 
desirable  to  compare  the  amount  of  sun-spots  and  rainfall  for  each  day 
and  month. 

But  supposing  it  were  fully  established  that  the  rainfall  and  sun- 
spot  variations  are  produced  by  one  and  the  same  cause,  it  may  be  asked 
whether  the  corresponding  eleven-year  period  of  magnetic  variation,  dis- 
covered by  Bir  Edward  Sabine,  has  also  the  same  cause;  and  if  so,  by 
what  process  are  such  apparently  dissimilar  effects  as  rainfall  and  mag- 
netic variations  produced  by  a  common  agent?  I  would  hazard  the 
opinion  that  the  proximate  cause  of  the  sun-spot,  magnetic,  and  rainfall 
cycles  is  a  secular  variation  in  the  intensity  of  solar  heat,  the  solar  spots 
or  cyclones  being,  like  terrestrial  cyclones,  most  frequent  when  the 
temperature  is  greatest,  that  the  sun  radiating  more  heat  in  some  years 
than  in  others  evaporation  and  rainfall  are  greater  in  the  former  than  in 
the  latter,  and  that  the  changes  in  solar  radiation  affect  the  earth's 
magnetism.  "This  opinion  seems  to  receive  some  support  &om  the  cir- 
cumstance that,  according  to  some  remarks  recently  made  by  Sir  Gteorge 
Airy  at  a  meeting  of  the  Institution  of  Civil  Engineers,  and  to  researches 
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by  Mr.  Blanford  ('  Nature/  vol.  xii.  p.  188),  solar  radiation  is  greater 
in  the  rainiest  years,  that  is,  in  the  years  of  most  sun-spot.  That  the 
rainiest  years  should  be  the  years  of  greatest  solar  radiation,  is,  as  was 
argued  in  a  paper  read  before  the  Meteorological  Society  of  Mauritius 
on  the  16th  of  January,  1873,  what  analogy  would  lead  us  to  expect. 


March  16,  1876. 

Dr.  J.  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 

I.  *'  Preliminary  Reports  to  Professor  Wyville  Thomson,  P.R.S., 

Director  of  the  Civilian  Scientific  Staff,  on  Work  done  on 
board  the  '  Challenger.^  ^^  By  John  Murray,  Naturalist 
to  the  Expedition.  (Published  by  permission  of  the  Lords  of 
the  Admiralty.)     Received  February  14, 1876. 

II.  ''  Preliminary  Report  to  Professor  Wyville  Thomson,  F.R.S., 

Director  of  the  Civilian  Staff,  on  the  true  Corals  ^J^ged  by 
H.M.S.  '  Challenger,^  in  deep  water,  between  the  dates  Dec. 
80th,  1870,  and  August  Slst,  1875.^'  By  H.  N.  Moseley, 
Naturalist  to  the  Expedition.  (Published  by  permission  of 
the  Lords  of  the  Admiralty.)     Received  February  14,  1876. 

III.  ''  Preliminary  Report  to  Professor  Wyville  Thomson,  P.R.S., 
Director  of  the  Civilian  Scientific  Staff,  on  Observations  made 
during  the  earlier  part  of  the  Voyage.^^  By  the  late  Dr.  Rudolf 
voN  Willemoes-Suhm,  Naturalist  to  the  Expedition.  (Pub- 
lished by  permission  of  the  Lords  of  the  Admiralty.)  Received 
February  14,  1876. 

IV.  "  Preliminary  Report  to  Professor  Wyville  Thomson,  P.R.S., 
Director  of  the  Civilian  Scientific  Staff,  on  Crustacea  observed 
during  the  Cruise  of  H.M.S.  'Challenger^  in  the  Southern 
Sea.^'  By  the  late  Dr.  Rudolf  von  Willemoes-Suhm, 
Naturalist  -to  the  Expedition.  (Published  by  permission 
of  the  Lords  of  the  Admiralty.)  Receive4  February  14, 
1876. 


Digiti 


ized  by  Google 


I- 


Prof,  O,  Ueynolds  on  ike  Force  caused  by        Mar,  23^ 


Preliminary  Ueport  to  Professor  Wyville  Thomson,  F,R.S*, 

(Director  of  tbc  Civilian  Scieutific  Staff,  on  Work  (Chemical 
and  Geological)  done  on  board  H.M.S.  'Challenger/*'  By 
J.  Y,  Buchanan,  Chemist  and  Phyaicist  to  the  Expedition. 
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M..  "  On  the  Force  earned  by  the  Communication  of  Heat  between 
a  Surface  and  a  Gas^  and  on  a  New  Photometer,"  By 
Prof.  Osborne  Reynolds.  Communicated  by  B.  Stewakt, 
F.R.S.,  Professor  of  Natural  Philosophy  in  Owens  College, 
Manchester.  Received  February  24,  1876. 
(Abstract.) 

This  paper  contains  an  account  of  an  experimental  investigation  under- 
taken with  a  view  to  support,  by  absolute  measurements,  the  theoretical 
arguments  by  which  the  author  endeavoured  to  prove  the  existence  of 
reactionary  forces  or  "  heat-reactions  "  whenever  heat  is  commimicated 
from  a  surface  to  a  gas,  and  vice  versd,  and  the  connexion  between  these 
forces  and  the  motion  caused  by  heat  and  light  falling  on  bodies  in 
vacuo. 

Since  the  publication  of  the  author's  paper  on  this  subject  in  the 
'  Proceedings '  for  April  1874,  the  correctness  of  his  conclusions  with 
regard  to  the  existence  of  these  heat-reactions  has  not  been  controverted 
or  even  questioned ;  while  Professors  Tait  and  Dewiar,  after  an  elaborate 
investigation,  entirely  confirm  the  author,  not  only  in  these  conclusions, 
but  also  in  his  view  as  regards  the  explanation  of  Mr.  Crookes's  experi- 
ments. Mr.  Crookes,  however,  appears  entirely  to  repudiate  this  ex- 
planation, arguing, — 

J.  That  he  obtains  his  best  results  in  vacua  so  perfect  that  there  is  no 
air  either  to  receive  the  heat  or  react  on  the  surface. 

2.  That  the  force  is  radiant  in  character. 

3.  That  light,  as  well  as  heat,  produces  the  motion,  which  consequently 
cannot  be  due  to  the  heating  of  the  sur&oe. 
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Having  obtained  one  of  the  beautiful  little  "  light-mills  *'  constructed 
by  Dr.  Geissler,  of  Bonn,  the  author  was  in  a  position  to  make  quantita- 
tive measurements  of  the  effects  produced  and  of  the  force  producing 
them. 

In  the  first  place,  with  regard  to  the  sufficiency  of  the  residual  air  to 
cause  the  motion.  It  was  found  that  this  air  is,  with  the  exception  of 
the  friction  of  the  pivot,  which  is  found  to  be  so  small  as  to  be  inappre- 
ciable, the  sole  cause  of  the  resistance  which  the  miU  experiences,  of 
the  limit  which  is  imposed  on  its  speed  for  each  intensity  of  light,  and  of 
the  rapidity  with  which  it  comes  to  rest  when  the  light  is  removed.  The 
law  of  resistance,  as  determined  by  careful  measurements,  is  found  to 
agree  perfectly  with  the  resistance  which  highly  rarefied  air  would  offer 
to  its  motion ;  and  this  law  is  distinctly  special  in  its  character,  being 
proportional  to  the  velocity  at  low  speeds,  and  gradually  tending  towards 
the  square  of  the  velocity  as  the  speed  increases. 

Having  established  the  fact  that  there  is  sufficient  air  in  the  mill  (and 
Mr.  Crookes's  behaves  in  the  same  manner  as  this  mill)  to  balance,  by  its 
resistance,  the  force  which  moves  the  mill,  it  is  argued  that  all  question 
as  to  the  sufficiency  of  the  air  to  cause  the  forces  is  removed.  What  the 
air  can  prevent  it  can  cause. 

As  regards  the  possibility  of  the  motion  being  in  any  way  the  direct 
result  of  radiation.  This  supposition  the  author  had  previously  shown 
to  be  directly  contradicted  by  the  fimdamental  law  of  motion  that  action 
and  reaction  are  equal.  A  cold  body  runs  away  from  a  hot  body,  while, 
if  free  to  move,  the  hot  body  will  run  after  the  cold  body,  showing  that 
the  force  does  not  act  from  body  to  body,  but  that  each  body  propels 
itself  through  the  surrounding  medium  in  a  direction  opposite  to  its 
hottest  side,  the  effect  of  one  body  on  the  other  being  due  solely  to  the 
disturbance  which  it  causes  in  the  equilibrium  of  temperature. 

The  truth  of  this  view  was  entirely  confirmed  by  an  experiment  made 
by  Dr.  Schuster,  to  be  communicated  to  the  Eoyal  Society.  Dr.  Schuster, 
by  suspending  the  entire  mill,  was  able  to  see  whether  the  force  which 
causes  the  vanes  of  the  mill  to  revolve  caused  any  twisting  force  on  the 
envelope ;  and  he  found  that  such  twisting  force,  so  far  as  it  existed, 
was  exactly  what  must  result  from  a  force  arising  entirely  within  the 
mill,  t.  e,  between  the  vanes  and  the  medium  immediately  surrounding 
them.  "While  the  vanes  were  acquiring  momentum  a  reaction  was  ex- 
perienced by  the  envelope ;  but  when  the  vanes  had  acquired  full  speed, 
the  envelope  was  subjected  to  no  force  whatever ;  when,  however,  the 
light  was  turned  off,  the  vanes,  by  virtue  of  the  friction  they  experienced, 
tended  to  drag  the  envelope*  with  them. 

Besides  proving  that  the  force  acts  between  the  vanes  of  the  mill  and 
the  medium  immediately  surrounding  them,  Dr.  Schuster's  experiments 
famish  a  quantitative  measure  of  the  actual  force.  Taking  the  manner  of 
suspension  and  the  weight  of  the  mill  into  consideration,  the  effect  pro- 
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duoed  showed  that,  when  making  240  revolutions  per  minute,  the  torsional 
force  on  the  vanes  does  not  exceed  one  forty  millionth  part  of  a  pound 
acting  on  a  lever  a  foot  long ;  that  the  pressure  of  the  gas  on  the  vanes 
to  produce  this  was  not  more  than  one  two  million  five  hundred  thousandth 
part  of  a  pound  on  the  square  inch,  or  one  thousandth  part  of  the  pres- 
sure in  a  Torricellian  vacuum,  thus  placing  the  extreme  minuteness  of 
the  forces  in  a  clear  light,  a  light  from  which  the  extreme  delicacy  of 
Mr.  Crookes's  instrument  had  altogether  withdrawn  them. 

It  is  then  shown  on  theoretical  grounds  that  the  difference  of  tempe- 
rature on  the  two  sides  of  the  vanes  necessary  to  cause  heat-reactions  of 
this  magnitude  could  not  be  less  than  1^*7  F.,  while  the  probability  is 
that  it  is  considerably  more. 

In  order  to  apply  this  test  and  see  how  far  the  actual  difEerenoe  of 
temperature  in  Dr.  Schuster's  experiments  corresponded  with  that  deduced 
from  the  theory,  a  new  photometer  was  devised  by  the  author  with  an 
immediate  view  of  measuring  the  difference  of  temperature  caused  by 
light  on  a  black  and  a  white  surface. 

Of  two  thin  glass  globes,  2^  inches  in  diameter,  connected  by  a 
siphon-tube  ^  inch  internal  diameter,  one  was  blackened  with  lamp- 
black on  the  inside  over  one  hemisphere  and  the  other  was  whitened 
with  chalk  in  a  similar  manner,  the  two  clean  faces  of  the  globes  being 
turned  in  the  same  direction.  Oil  was  put  in  the  tube  and  the  globes 
were  otherwise  sealed  up.  Any  light  which  enters  through  the  dean 
faces  is  received  on  the  black  and  white  surfaces,  and  the  air  in  the 
globes  expands  in  accordance  with  the  difference  of  temperature  which 
they  attain,  moving  the  oil  in  the  tube.  A  motion  of  ||  an  inch  on  the  part 
of  the  oil  shows  a  difference  of  2^*2  in  the  temperature  of  the  air  within 
the  globes. 

The  instrument  so  constructed  is  exceedingly  delicate,  and  will  show 
a  difference  in  the  intensity  of  light  sufficient  to  make  one  revolution 
per  minute  difference  in  the  speed  of  the  mill.  Am  a  photometer  it  is 
much  more  convenient  than  the  mill,  and  its  construction  presents  much 
less  difficulty.  By  making  the  lower  portion  of  the  siphon*tube  hori- 
zontal, and  using  glass  indices  after  the  manner  of  Itutherford*s  thermo- 
meter, the  instrument  might  be  made  to  record  maxima  and  minima 
intensities  of  light,  as  well  as  be  more  delicate  in  other  respects. 

Measured  with  this  instrument,  the  light  necessary  to  ^ve  the  mill 
240  revolutions  per  minute  does  not  exceed  24%  and  is  probably  less 
than  this,  which  shows  that  the  theoretical  difference  of  heat  necessary 
to  cause  the  heat-reactions  is  well  within  the  difference  as  actually 
measured,  leaving  an  ample  margin  for  error  in  the  methods  of  approxi- 
mation used  in  the  calculation. 

In  concluding  the  paper  the  author  claims  to  have  set  at  rest  the  only 
point  respecting  the  explanation  of  the  motion  caused  by  heat  which 
remained  doubtful  after  he  had  discovered  that,  according  to  the  kinetic 
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theorj,  the  oommunication  of  heat  to  a  gas  must  cause  a  force  reactionary 
on  the  surface,  yiz.  whether  this  reaction  was  adequate  in  amount  to 
cause  the  results  seen  to  take  place. 

He  adds  a  suggestion  as  to  a  new  form  of  light-mill  to  have  vanes 
indiaed  like  the  sails  of  a  windmill,  and  not  having  one  side  white  and 
the  other  black,  like  the  light-mills  at  present  constructed,  arguing 
that  the  forces  act  perpendicularly  to  the  surface,  and  in  a  direction  in- 
dependent of  that  from  which  the  light  comes ;  so  that  such  a  mill  would 
turn  like  a  windmill  with  the  full  and  not  merely  the  differential  efEect 
of  the  light.  Such  a  mill,  he  concludes,  would  furnish  another  test  as  to 
whether  or  not  the  force  is  directly  referable  to  radiation. 


II.  **  On  the  Nature  of  the  Force  producing  the  Motion  of  a  Body 
exposed  to  Rays  of  Heat  and  Light.^  By  Abthur  Schuster, 
Ph.D.,  Demonstrator  in  the  Physical  Laboratory  of  Owens 
College.  Communicated  by  B.  Stbwart,  P.E.S.,  Professor  of 
Natural  Philosophy  in  Owens  College,  Manchester. 

(Abstract.) 

Mr.  Crookes  has  lately  drawn  attention  to  the  mechanical  action  of  a 
source  of  light  on  delicately  suspended  bodies  in  vacuo ;  I  have  made  a  few 
experiments  which  will,  I  think,  throw  some  light  on  the  cause  of  the 
phenomenon,  and  assist  us  in  the  explanation  of  the  manifold  and  striking 
experiments  made  by  Mr.  Crookes. 

Whenever  we  olwerve  a  force  tending  to  drive  a  body  in  a  certain 
direction,  we  are  sure  to  find  a  force  equal  in  amount  acting  in  the  opposite 
direction  on  the  body  from  which  the  force  emanates.  It  was  with  the 
view  of  finding  the  seat  of  this  reaction  that  I  have  made  a  few  experi- 
ments. 

If  the  force  is  directly  due  to  radiation  the  reaction  will  be  on  the 
radiating  body;  if,  on  the  other  hand,  it  is  due  to  any  interior  action,  such 
as  the  one  suggested  by  Prof.  Eeynolds,  the  reaction  will  be  on  the  en- 
closure of  the  moving  bodies.  I  have  been  able  to  test  this  by  experiment, 
and  I  have  found  that  the  action  and  reaction  is  entirely  between  the  light 
bodies  suspended  in  vacuo  and  the  exhausted  vessel. 

The  instrument  best  fitted  for  an  experimental  investigation  of  this 
kind  is  the  one  which  has  been  called  *'  radiometer "  by  Mr.  Crookes. 
GThese  instruments  have  been  made  in  great  perfection  by  Dr.  G^sler,  of 
Bonn,  under  the  name  of  '*  light-mills."  Thanks  to  the  courtesy  of  Prof. 
Beynolds,  I  have  been  enabled  to  work  with  such  an  instrument.  The 
"  l^ht-mill "  was  suspended  by  means  of  two  cocoon  fibres,  forming  a 
bifilar  suspension,  from  the  top  of  a  vessel  which  could  be  exhausted.  A 
slight  movement  of  the  enclosure  could  be  easily  detected  by  means 
of  a  concave  mirror  attached  to  it.      A  beam  of  the  oxyhydrogen  lamp 
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was  concentrated  on  the  light-mill,  which  then  revolved  about  200  times 
a  minute. 

The  light  was  cut  off  at  the  beginning  of  the  experiment  by  means  of 
a  screen,  and  the  position  of  rest  of  the  glass  vessel  was  read  off  by  means 
of  the  dot  of  light  on  the  scale.  The  screen  was  then  suddenly  removed, 
and  in  every  case  a  large  deflection  of  the  glass  vessel  was  observed.  The 
vessel  was  deflected  in  the  opposite  direction  to  that  in  which  the  mill 
turned.  When  the  velocity  of  the  mill  had  become  constant,  the  vessel 
returned  to  its  original  position.  On  suddenly  cutting  off  the  light  the 
vessel  was  again  deflected,  but  in  the  opposite  direction  to  that  on  starting 
the  experiment.  The  vessel  therefore  now  turned  in  the  same  direction 
in  which  the  mill  turned. 

These  experiments  are  easily  explained  on  the  assumption  that  the  force 
acting  on  the  vessel  enclosing  the  light-mill  is  exactly  equal  and  opposite 
to  that  acting  on  the  mill  itself.  While  the  velocity  of  the  mill  in  one 
direction  is  increasing,  a  force  acts  in  the  opposite  direction  on  the  vesseL 
When  the  velocity  has  become  constant,  the  force  which  tends  to  drive 
the  mill  round  is  exactly  counterbalanced  by  the  resistance  which  opposes 
the  motion  of  the  mill.  The  two  forces  acting  on  the  vessel  will  there- 
fore counterbalance,  and  the  vessel  will  return  to  its  original  position  of 
rest.  When  the  light  is  cut  off,  the  resistance  will  stop  the  motion  of 
the  mill.  The  reaction  of  the  resistance  will  act  on  the  enclosure,  and 
the  enclosure  will  turn  in  the  same  direction  as  the  mill. 

By  means  of  the  reaction  on  the  enclosure  I  have  been  able  to  calculate 
the  strength  of  the  force;  and  I  have  found  that  the  pressure  on  a  surface 
on  which  light  of  equal  intensity  to  that  used  in  my  experiments  falls, 
is  equal  to  that  produced  by  the  weight  of  a  film  of  water  on  a  hori- 
zontal surface  equal  in  thickness  to  the  length  of  a  wave  of  violet  light. 


III.  ''  On  the  Number  of  Figures  in  the  Period  of  each  Reciprocal 
of  a  Prime  from  53,000  to  60,000.''  By  W.  Shanks.  Com- 
municated by  the  Rev.  G.  Salmon,  D.D.,  F.R.S.,  Regius 
Professor  of  Divinity  in  the  University  of  Dublin.  Received 
March  Ist,  1876. 

[In  two  former  papers  printed  in  the  Proceedings  (vol.  xxii.  pp.  200  and 
884)  the  author  gave  similar  tables  from  1  to  30,000 ;  and  in  a  subse- 
quent paper  (Proceedings,  vol.  xxiii.  p.  260),  which  was  ordered  to  be 
preserved  in  the  Archives,  the  table  was  extended  to  40,000.  A  MS. 
copy  of  the  addition  appended  to  printed  copies  of  his  former  paper  and 
extended  to  53,000  was  presented  by  the  author  to  the  Society's  library, 
and  to  this  the  present  continuation  from  53,000  to  60,000  will  be 
attached.] 
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IV.  "  On  a  new  Refractometer  for  measuring  the  Mean  Refractive 

Index  of  Plates  of  Glass  and  Lenses  by  the  employment  of 

Newton's  Rings/'     By  G.  W.  Royston-Pioott,  M.A.,  M.D, 

Cantab.,F.R.S., F.RrA.S.,F.C.P.S.   ReceivedMarch  19, 1876. 

The  instmment  depends  upon  two  principles  : — 

I.  The  distance  through  which  an  image  is  displaced  by  refraction 

through  a  plate. 
n.  The  exquisite  sensitiyeness  of  contact-films  forming  the  yarious 
orders  of  Newton's  rings  and  the  central  black  spot. 
I.  It  is  well  known  that  when  the  index  of  refraction  is  1*500  or  |, 
an  image  is  formed  by  a  plate  haying  parallel  sides  at  a  distance 
nearer  to  the  eye  of  the  obseryer  equal  to  two  thirds  of  the  thickness  of 
the  plate.    Indeed  if  <  be  the  thickness  and  fx  the  refractive  index,  the 
displacement  is  generally 

i 

If,  therefore,  an  instrument  could  be  devised  which  would  with  great 
accuracy  measure  the  thickness  of  the  refracting  plate,  and  also  at  the 
same  time  the  distance  by  which  the  image  of  points  on  its  surface  was 
displaced  inwards  by  refraction,  data  could  be  obtained  for  determining 
the  value  of  /i. 

The  instrument  has  assumed  its  present  form  after  many  construc- 
tions and  reconstructions.  I  was  led  to  consider  this  method  of  finding 
the  refraction  of  glass  by  frequent  accidents  happening  while  using  the 
fiftieth-of-an-inch  objective  with  the  microscope,  which  by  pressure 
destroyed  or  cracked  the  thin  glass  covers  generally  applied  to  protect 
the  objects  or  **  slides."  Now,  so  to  speak,  the  obser^'er  always  in  such 
a  case  really  examines  the  elevated  image  of  the  object,  raised  about 
two  thirds  of  the  thickness  of  this  cover.  By  knowing,  therefore,  the 
refraction  of  the  glass  cover  and  its  thickness,  such  accidents,  so  irre- 
parable in  many  valuable  objects,  might  be  avoided.  Means  were  sought 
to  determine  the  index  of  refraction  of  such  covers,  frequently  varying 
from  the  hundredth  to  the  thousandth  of  an  inch  thick,  an  extra  thick- 
ness sometimes  being  destructive  to  the  most  valuable  objective. 

Hitherto  the  method  of  finding  the  refractive  index  has  been  by  the  use 
of  prisms  made  of  the  material  in  question,  and  employed  in  the  form  of 
a  spectroscope. 

As  an  example  of  the  power  of  the  instrument,  some  flint  glass,  nearly 
half  an  inch  thick,  marked  B,  gave  on  three  trials 

fx^V662Q 
1-6628 
1-6621 
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8M  Dr.  G.  W.  Boyston-Hgott  m  [Mar. 

LA  fcliin  gluas  cover  about  one  hundredtli  of  aa  inch  thick  gun^ 
The  ppticAl  equation  for  a  plate  of  glass, 

(where  1*  is  tho  distance  of  the  object  and  <f  the  coujugate  focusX  powits 
out  that  when  the  object  is  on  the  surface,  or  u— 0, 


and  consequently 


Upon  constnictiwg  an  mstruinent  roughly  tlie  miex  was  t^adily  torn 
to  two  pkcea  of  d^imals  in  covering- glass,  vix,  /i  =  1*55, 

The  contrivance  of  an  instnunant  to  read  to  the  100,0(»0th  of  an  inch 
now  seemed  desirable ,  It  t^tis  nece^aary  not  only  to  measure  thickness, 
but  the  elevation  of  the  image  within  the  substance  of  the  plate. 

The  well-known  delicacy  of  evanishment  of  a  point  under  a  good 
microscope  seoined  to  afford  an  exquisite  teiit  of  distance* 

At  fir^  the  point  of  an  advancing  screw  was  made  to  touch  the 
"  plate,"  the  screw  moving  in  the  axis  of  the  microscope.  The  point 
was  brought  into  focus,  or  rather  its  image.  The  refracting  plate  was 
now  removed,  the  microscope  remaining  undisturbed.  The  screw  was 
then  advanced  imtil  its  point  again  came  into  focus ;  the  point  now 
occupied  the  precise  position  just  before  occupied  by  its  image.  This 
disttutice  was  then  read  off  and  the  thickness  of  the  plate  read  by 
observing  successively  the  distances  traversed  by  the  screw  between  tho 
point  of  first  contact  and  its  rising  to  the  very  same  position  of  a 
particle  already  observed  on  the  upper  surface. 

II.  At  this  point  of  the  research  it  occurred  to  the  writer  to  substitute  a 
minute  plano-convex  lens,  fixed  to  the  end  of  the  screw,  and  endeavour 
to  produce  contact-films,  especially  the  black  central  spot  of  Newton's 
rings. 

In  order  to  render  the  colours  of  these  rings  gorgeous  by  reflected 
light,  a  thin  piece  of  plate  glass  was  fixed  at  an  angle  of  45^  behind  the 
observing  objective,  and  a  hole  perforated  in  the  tube  or  "  body "  to 
admit  light  from  a  lamp  ;  the  object-glass  then  condensed  a  strong  light 
upon  the  film-forming  surfaces,  and  the  black  central  spot  came  out 
beautifully  black  and  distinctly  defined  in  the  field  of  the  microscope. 
This  occurred  whether  air  or  other  fluid  intervened  between  the  lens  and 
the  surface.  After  fixing  several  different  lenses,  I  found  a  radius  of 
curvature  of  about  one  quarter  of Im  inch  the  most  convenient  for  deve- 
loping the  rings  suitably  for  the  microscopic  field  of  view. 

For  being  apprised  of  the  near  approach  of  contact,  still  greater  coo- 
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yenience  was  accorded  by  using  a  minute  film  of  parafBn^il,  f onned  by 
repeatedly  wiping  the  surface  of  the  screw-lens.  Contact  was  then 
heralded  instantly  between  the  two  surfaces  by  a  brilliant  flash  of 
colours.  One  thing  appeared  certain,  the  various  colours  could  be  pro- 
duced in  perpetually  expanding  and  yanishing  rings,  always  starting 
from  the  centre.  I  counted  no  less  than  thirty-two  changes  of  colour 
in  the  central  part,  reckoning  from  the  black  spot  of  perfect  contact 
(within  the  half-millionth  of  an  inch)  and  the  final  eyanescence  of  the 
last  colour  by  slight  moyements  of  the  screw. 

Por  the  purpose  of  illuminating  the  point  of  contact  of  the  "  screw- 
lens"  with  the  plate  under  examination,  I  inserted  a  minute  right-angled 
prism  behind  the  lens.  This  giying  totally  reflected  light,  provided 
nothing  adhered  to  the  reflecting  surface  of  the  prism,  afforded  the 
means  of  making  observations  by  ordinary  daylight,  and  observing  the 
rings  of  Newton,  though  very  pale,  by  transmitted  light. 

Another  great  advantage  of  the  prism-lens  attached  to  the  end  of  the 
steel  measuring-screw,  is  the  bright  illumination  of  the  contact  surfaces, 
the  contact  of  an  opaque  extremity  of  the  screw  being  with  difficulty 
ascertained. 

The  whole  method  of  finding  the  refractive  index  of  a  thin  plate  of  a 
given  refractive  material  resolved  itself,  then,  into  the  best  instrumental 
means  for  advancing  a  fiducial  visible  and  illuminated  point  truly  and 
steadily  through  measurable  intervals,  and  observing  with  a  good  micro- 
scope the  precise  position  of  evanishment  in  and  out  of  focus,  and  deter- 
mining the  focal  points  under  correct  collimations. 

After  many  trials  the  following  form  was  adopted  :-^ 

A  steel  cylinder  very  accurately  turned  between  decid  centres  (t.  e.  the 
centres  being  fixed  and  the  object  revolving  between  them),  about  5 
inches  long  and  -f^  in  diameter ;  upon  this  screw-threads  (very  nearly 
101'3  per  inch)  were  very  patiently  formed.  The  front  part  of  the  cylinder 
passes  smoothly  (at  first  air-tight  like  a  piston)  through  a  collar  of  brass, 
into  which  it  had  been  very  slowly  and  carefully  ground  (with  the  finest 
cutting-powder  and  oil) ;  at  about  two  inches  of  the  other  end  was  formed 
a  screw  as  described,  with  a  very  exact  apparatus  lent  to  the  writer  by 
a  celebrated  optician. 

It  was  found  that  in  so  delicate  an  operation  as  dealing  with  coloured 
films,  touching  any  part  of  the  instrument  caused  them  to  flash  a  new 
colour.  It  was  necessary  to  obviate,  then,  all  varying  mechanical  strain. 
Springs  so  common  in  micrometers  to  obviate  "  loss  of  time"  were  found 
to  introduce,  from  their  varying  pressure,  very  variable  errors :  after  a 
time  I  was  compelled  to  abandon  their  use  altc^ther. 

The  constant  force  of  gravitation  and  dead  unvarying  weight  was  now 
introduced ;  and  in  order  to  compensate  possible  deviations  in  the  true 
spiral  form  of  individual  threads  (every  one  of  which  was  carefully  exa« 
mined  with  a  strong  magnifying-power),  a  nut  was  formed,  so  as  con^ 
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"Ehuitly  to  embrace  (unlike  ordinary  micrometers  of  tUe  usual  form) 
precisely  the  eame  number  of  threads  in  every  measurement,  go  that  on 
the  average  the  same  number  of  threads  probably  repretented  neiirly  the 
name  diataoc^.  lu  the  case  where  a  spring  ia  more  and  more  compressed 
and  the  number  of  threads  embract^d  by  the  nut  is  eonstaiitly  increasing 
(akbough  eome  compensating  action  may  arise),  the  screw  and.  parts  are 
certainly  submitted  to  very  varyiug  and  uncertain  eonditioos.  Another 
source  of  error  arose, — shake  of  jyttation.  Hating  abandoned  the  usual 
form  of  micrometer  construetion  (a  revolving  nut  with  a  constant 
change  in  the  number  of  threads  embraced — a  plan,  one  would  think, 
fatal  to  all  delicate  accuracy),  the  next  difficulty  was  to  insure  to  the 
steel  screw  abaolute  advance  and  retreat  without  roUtionf  shake  or 
motion*  i^or  this  puq)ose  slides  were  also  abandoned.  This  action,  tbe 
most  important  part  of  tbe  instrument,  should  now  be  described* 

A  lever  is  affixed  to  the  cylinder  of  steel  and  bent  at  right  angles;  it 
carries  an  adjustable  weight.  TMs  weight  slides  upon  a  flat  edge  formed 
pamllel  to  the  axis  of  the  steol  sci^w  by  a  moat  careful  process,  tested 
by  a  carefully  prepared  spirit-level  for  parallelism. 

On  lilting  the  weight  slightly,  the  lever  rotates  the  screw  through  a 
small  angle ;  and  this  lever  forms  a  constant  test  of  the  efficiency  of  the 
screw  action  of  the  greatest  sensitiveness. 

A  further  action  put  into  motion  by  a  fine  screw  gives  to  the  advance 
of  the  film-forming  surface,  or  prism-lens,  a  movement  of  the  millionth 
of  an  inch. 

Supposing  that  the  recording-wheels  have  advanced  several  turns,  the 
weight  and  lever  also  advance  on  the  smooth  edge  already  said  to  be 
formed  parallel  with  the  axis  of  the  screw. 

The  constancy  of  the  weight  presences  the  screw  in  one  normal  fidu- 
cial position,  as  regards  its  liability  to  rotate  on  its  axis.  An  error  of 
one  himdredth  of  an  inch  in  the  sliding  edge  would  produce  an  error 
of  the  reading  of  less  amount  than  the  hundred-thousandth  of  an 
inch  *.  But  the  lever  advances  so  very  slowly,  as  the  wheels  rotate  the 
nut  upon  the  screw,  that  this  error  appears  to  be  almost  destroyed. 

An  arrow-head  shows  upon  the  face  of  the  differential  wheels  tbe 
number  of  turns  taken  by  the  nut.  The  instrument  is  self-recording, 
and  reads  to  four  places  of ^  decimals,  from  the  hundredth  of  an  inch  to 
the  hundred-thousandth.  Two  wheels,  divided  into  98  and  100  teeth 
respectively,  run  in  gear  at  tvill  with  a  long  pinion  of  ten  leaves, 
carrying  a  wheel  showing  the  hundred-thousandths  of  an  inch. 

The  prism  end  of  the  screw  passes  through  the  ground  socket ;  and  this 
socket  carries  a  small  stage  accurately  turned  and  ground,  furnished  with 
stops  and  a  spring  to  confine  the  small  plate  of  glass,  if  necessary,  in  one 

*  The  path  of  the  weight  on  the  lever  would  be  for  a  complete  rotation  about 
20  inches ;  the  proportion  of  j-^-^  to  this  is  2O0O,  and  the  two  thousandth  part  of  ft 
^  revolution  is  two  thousandth  of  jlj^^-^irihlTir  r^  T 
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position.    The  axis  of  the  screw  and  oE  the  obsernng-microscope  are 
carefully  adjusted  in  one  line,  so  as  to  have  a  common  collimation. 

In  very  thin  glass  an  objective  of  |-inch  focal  length  has  been  found 
sufficient.  For  thick  glass,  nearly  half  an  inch  thick,  Mr.  Wray,  of  High- 
gate,  made  a  beautiful  half -inch  with  three  lenses  cemented  together  with 
balsam,  so  as  to  give  the  greatest  possible  penetration.  The  body  of  the 
microscope  is  about  6  inches  long. 

The  whole  instrument  is  placed  at  an  angle  of  about  forty  degrees. 
Its  accuracy  depends  on  the  weight  of  the  toothed  wheels  always  bearing 
with  an  equal  pressure,  without  springs,  on  the  back  poppet  of  the 
jeweller's  lathe  employed  to  carry  and  work  the  apparatus. 

It  remains  to  say  a  few  words  on  the  method  of  using  the  instrument. 

1.  By  transmitted  Light, — ^The  instrument  is  placed  near  a  window  in 
daylight,  and  the  small  condenser  is  then  used  to  throw  a  light  upon  the 
minute  prism,  which  is  then  reflected  up  the  microscope.  A  minute 
drop  of  kerosine  is  placed  on  the  prism-lens  at  the  end  of  the  micrometer- 
screw,  and  then  wiped  off.  The  lens  is  then  withdrawn  a  little  below 
the  stage,  and  the  plate  of  glass  to  be  measured  is  placed  upon  it.  The 
microscope  is  armed  with  a  quarter-inch,  a  half  inch,  or  inch  objective, 
according  to  the  thickness  of  the  plate  to  be  examined. 

The  microscope  is  then  focused  upon  the  under  surface  of  the  plate. 
The  micrometer-wheels  are  set  in  motion.  The  prism-lens  gradually 
rises  into  view.  The  instant  of  contact  is  observed  by  a  sudden 
spreading  out  of  the  remains  of  the  oil-drop.  It  may  require  several 
cleansings  or  wipings  of  the  lens  before  the  oil  is  sufficiently  removed. 
The  film  expands  and  contracts  with  the  slightest  movement ;  with  a 
little  practice  the  eye  detects  the  position  of  initial  contact. 

The  instrument  is  then  read. 

Example. — Initial  reading  for  a  piece  of  "covering-glass"  one  hun- 
dredth of  an  inch  thick, 

1=0-0044, 

The  glass  was  removed  and  the  prism-lens  ad\anc3d  until  its  surface 
just  came  into  focus.    The  distance  was  then  read. 

D  =  0-0086 

I  =  0*0044  initial  reading. 


A  =  0'0042  the  elevation  of  image, 

Beplacing  the  glass  and  again  repeating  the  process  the  initial  reading 
at  the  lower  contact  was  now  found  not  to  be  0*0044,  but 

Ij= 0*0045  (an  extra  -njoVoir  inch). 

Viewing   an  exceedingly  minute  scratch  on  the  upper  surface  by 
refocusing  upon  it,  the  reading  for  thickness  was  PoooIp 
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T»0-0163 
Initial  readiiig8s0'0045 

Thickness        «=0-0118 

A =0*0042  elevation  of  image, 

v =0*0076  distance  of  image  from  upper  surface. 

Therefore  ^=1=^»1.55  nearly. 

I  obtained  from  Mr.  Browning  several  square  pieces  of  flint  glass  of 
varying  density  and  cobur,  and  found  by  a  series  of  measurements — 

Value  of /i  for  mean  rays. 

A.  aear  white  flint    1-537 

B.  Yellow  and  heavy 1-6626 

0.  Yellowish  and  very  heavy 1*723 

D.  Strong  yellow,  and  the  heaviest  of  them  all . .     1*7555 

2.  By  reflected  Light, — ^Far  more  interesting  are  the  phenomena 
developed  by  reflected  light,  throwing  the  light  laterally  upon  the 
inclined  transparent  plane  within  the  microscope,  the  objedrglass  of 
which  acts  as  its  own  condenser.  The  most  beautiful  colours  ore  deve- 
loped on  contact,  either  with  a  film  of  air  or  kerosine. 

The  central  spot  of  final  contact  is  of  a  grey-black,  surrounded  with 
its  well-known  succession  of  Newtonian  rings  of  great  beauty  and  per- 
fection, flashing  through  numerous  changes  of  colour  for  each  thickness 
of  film  varied  by  the  micrometer-nscrew. 

The  instant  of  the  formation  of  the  black  spot  film  (thickness  0*000005 
inch)  determines  the  place  of  contact,  i,  e,  the  fiducial  point  of  zero, 
with  a  precision  scarcely  equalled  by  any  other  known  method  of  linear 
measurement  by  optical  means.  It  can  be  readily  obtained  with  great 
accuracy.  This  important  point  (the  zero)  of  the  observations  depends 
not  upon  a  thin  spider  line  or  engraved  line,  but  upon  the  formation  of 
a  bold  block  circular  spot  whose  diameter  is  variable  and  dependent  upon 
the  curvature  of  the  lens  employed.  Where  great  endurance  is  desired, 
a  small  plano-conve]t  sapphire  lens  can  be  cemented  to  the  prism  at 
little  expense. 

The  behaviour  of  minyte  microscopic  kerosine  oil-drops  persistently 
adhering  to  the  surface  of  the  lens,  in  spite  of  repeated  wipings,  is 
worthy  of  notice.  ^ 

On  the  near  approach  of  the  lens  to  the  under  surface  of  the  glass 
under  notice,  the  scattered  drops  suddenly  coalesce,  shooting  out  into  a 
film  of  varying  colour. 

On  one  occasion  a  small  oil-drop,  one  hundredth  of  an  inch  in 
diameter,  appeared  as  a  black  annulus  enclosing  a  bright  thin -ring  of 
light,  which  enlarged  on  being  touched  by  the  prism-lens  by  the  advance 
of  the  screw.    It  spontaneously  then  spread  out  and  rapidly  exhibited 
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within  its  centre  a  sudden  display  of  very  minute  but  richly  coloured 
Newtonian  rings,  formed  in  this  case  by  interior  reflected  light,  although 
transmitted  light  was  then  being  employed. 

It  is  not  absolutely  necessary  that  a  plate  of  glass  with  precisely 
parallel  sides  be  used.  A  wedge  can  be  manipulated  if  a  particular  spot 
be  chosen  and  the  wedge  be  most  carefully  adjusted  to  the  same  position 
by  means  of  the  stop  and  ledge  on  the  stage.  Less  difficult,  however, 
is  glass  formed  into  a  plano-convex  lens  of  long  focus,  the  plane  side 
being  placed  downwards,  and  the  same  point,  the  summit  if  possible,  being 
always  selected  for. observation :  better  still  if  a  slice  be  cut  ofE  so  as  to 
present  a  secure  fixing  of  the  lens  in  the  same  position. 

A  variety  of  substances  formed  into  plates,  wedges,  or  lenses,  with 
little  convexity,  may  thus  be  examined,  as  also  fluids  enclosed  between 
parallel  platesi 


V.  '' Description  of  a  Mammalian  Ovum  in  an  early  condition 
of  Development.'^  By  Edward  Albekt  Schafeb^  Assistant 
Professor  of  Physiology  in  University  College,  London.  Com- 
municated by  Dr.  Sharpet,  F.R.S.    Received  March  8, 1876. 

[Plate  10.] 

The  opportunities  which  present  themselves  for  the  acquisition  of 
the  ova  of  Mammalia  during  the  early  stages  of  development,  and 
especially  ova  of  the  period  during  which  the  formation  of  the  blasto- 
dermic layers  is  proceeding,  are  so  rare  that,  although  the  subject  has 
been  under  special  investigation  by  more  than  one  observer,  all  the 
stages  of  the  process  of  formation  have  by  no  means  as  yet  been 
described ;  and  much  remains  to  be  discovered  in  connexion  with  this 
phase  of  development  alone.  It  seems  on  this  account  desirable  to 
publish  observations  bearing  upon  this  question,  although  they  are 
limited  to  two  or  three  or  even  to  a  single  ovum,  since  it  is  by  collecting 
and  comparing  the  results  which  have  been  arrived  at  by  difEerent  ob- 
servers that  there  will  be  the  best  chance  of  coming  to  a  definite  conclu- 
sion upon  a  subject  which  involves  the  knowledge  of  every  progressive 
stage. 

I  have  been  induced  by  these  considerations  to  furnish  a  short  de- 
scription of  an  early  developing  ovum  (of  the  cat)  which  came  into  my 
hands  now  fully  two  years  ago,  but  which  I  had  continually  deferred  the 
account  of  in  the  hope  of  obtaining  specimens  a  little  more  in  advance 
with  which  to  compare  that  which  I  already  had.  This  expectation 
having,  however,  hitherto  been  disappointed,  I  think  it  better  to  com- 
municate the  description  without  further  delay,  as  it  may  at  least  serve 
for  comparison  with  the  statements  of  other  observers. 

In  a  cat  which  had  been  just  killed,  I  noticed  on  opening  the  abdomen 
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five  scarcely  perceptible  swellings  in  the  comua  uteri ;  and  perceiving  a 
corresponding  number  of  corpora  latea  upon  the  ovaries,  judged  that 
each  swelling  must  contain  an  ovum.  Eemoving  the  uterus  and  placing 
it  in  a  weak  solution  of  bichromate  of  potash,  I  proceeded  carefully  to 
slit  open  the  comua  under  the  fluid  with  fine  scissors.  As  each  one  of 
the  above-mentioned  dilatations  was  reached,  a  minute,  beautifuUj  clear, 
vesicular  body  floated  out  into  the  surrounding  liquid ;  there  was  no  sign 
of  any  adhesion  to  the  uterine  wall. 

The  vesicles  were  as  nearly  as  possible  simikr  in  size  and  appearance, 
and  a  description  of  any  one  of  them  will  serve  for  all.  Their  shape  was 
oval,  the  long  diameter  measuring  about  \  inch,  the  short  about  -^  inch, 
and  the  outline  being  perfectly  smooth  and  even.  Under  a  low  power  of 
the  microscope  the  vesicle  was  distinctly  seen  to  be  bounded  by  a  primitive 
chorion  or  thinned-out  zona  pellucida.  No  trace  of  villi  or  projections 
of  any  sort  could  be  detected  on  its  surface.  Besides  this  envelope 
the  wall  of  the  vesicle  was  composed  of  what  appeared  a  simple  layer  of 
flattened  polygonal  cells,  closely  lining  the  zona.  But  under  a  somewhat 
higher  power  a  stratum  of  more  deeply  lying  cells  could,  in  some  parts 
at  least,  be  detected  by  focusing ;  moreover  a  shadow  at  one  place 
midway  between  the  poles  of  the  oval  appeared  to  point  to  the  possibility 
of  the  existence  of  a  slight  thickening  at  this  part,  although  a  well- 
defined  shaded  area  was,  in  no  sense  of  the  word,  visible. 

I  was  led  to  imagine  that  the  '*  shadow  ^  in  question,  or  rather  the 
thickening  to  which  it  was  probably  due,  would  be  caused  by  the  first 
beginnings  of  a  mesoblast  at  this  situation.  But  nothing  more  could 
be  made  out  in  the  fresh  condition,  and  the  little  vesicles  (at  least  two  of 
them,  for  the  others  were  of  less  value  for  the  purpose  of  sections,  owing 
to  the  blastoderm  having  shrunk  away  at  various  places  from  the  zona, 
and  presenting  a  crumpled  distorted  aspect)  were  accordingly  hardened 
in  the  usual  way  in  very  dilute  chromic  acid,  stained  with  logwood  and 
with  carmine  respectively,  imbedded  by  the  gum-process*,  vrith  the  object 
of  filling  the  cavity  and  thus  supporting  the  enclosing  parts  and  preserv- 
ing them  in  their  natural  positions ;  and  finally  sections  were  made  across 
the  long  axis  of  the  oval,  and  were  mounted  in  glycerine  and  examined. 

A  glance  at  the  sections  is  sufficient  to  show  that  the  blastodermic 
vesicle  is  in  the  bilaminar  condition.  There  exist  within  the  zona 
pellucida,  or  primitive  chorion,  two  distinct  layers,  the  section  of  each 
forming  a  complete  circle,  the  whole  structure,  therefore,  included  by  the 
zona  being  formed  of  two  separate  vesicles  one  within  the  other  (Plate 
10.  fig.  1).  The  outer  of  these  is  of  course  the  epiblast,  the  inner 
doubtless  representing  the  hypoblast :  we  may  speak,  then,  of  an  epiblastic 
and  a  hypoblastic  vesicle.    In  none  of  the  sections  was  there  any  trace 

*  A  bad  method  for  embryos ;  but  I  was  at  the  time  ignorant  of  Eleinenberg^s  ex- 
cellent plan  for  effecting  the  same  object.  See  Forster  and  Balfour,  *  Elements  of  Em^ 
bryology,'  p.  249. 
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of  an  intermediate  lajer  of  cells  or  mesoblast.  The  epiblast  closely  lines 
the  zona  throughout ;  but  the  hjpoblastic  vesicle  is  considerably  smaller, 
so  that  except  at  one  part,  where  it  comes  into  closer  proximity  than  else- 
where with  the  epiblast,  it  is  separated  from  the  latter  by  a  considerable 
interval,  filled  in  the  fresh  condition  by  a  clear  fluid.  This  fluid  would 
seem  to  be  of  a  different  nature  from  that  which  occupied  the  cavity  of 
the  hypoblastic  vesicle,  for  the  coagulum  produced  in  it  by  the  action  of 
the  haidening  liquid  has  a  much  more  granular  appearance  in  the  sections. 
Both  epiblast  and  hypoblast  throughout  almost  the  whole  extent  are 
composed  of  a  simple  layer  of  flattened  cells  joined  edge  to  edge.  Those 
of  the  former  are  represented  in  ^g.  2,  as  seen  flat  in  a  separated  portion, 
those  of  the  latter  in  &g.  3.  Most  of  the  epiblastic  cells  exhibit  in  a 
high  degree  a  condition  of  the  nucleus  which  is  frequently  met  with  in 
epithelial  cells  elsewhere — a  tendency,  namely,  to  become  separated  into  a 
dear  colourless  part,  and  a  highly  refracting  and  usually  somewhat  irre- 
gular body,  which  readily  becomes  stained  by  the  usual  colouring  reagents. 
This  change  is  no  doubt  a  post  mortem  effect,  probably  produced  by  the 
action  of  the  reagents  employed.  The  hypoblastic  cells  do  not  for  the 
most  part  present  this  appearance ;  their  nucleus  remains  large,  round, 
and  clear ;  and  the  cell-substance  does  not  become  stained  as  much  as  that 
of  the  epiblastic  cells. 

It  was  mentioned  above  that  the  epiblastic  and  hypoblastic  vesicles 
come  into  closer  proximity  at  one  part  of  the  circumference  than 
elsewhere ;  even  here,  however,  they  do  not  come  into  actual  contact. 
At  this  place  they  are  no  longer  formed,  as  elsewhere,  of  a  single  layer 
of  cells,  but  their  component  elements,  besides  being  rounder  in  shape 
and  smaller,  are  two  or  three  deep,  although  not  arranged  in  as  many 
definite  strata.  Both  layers  are  in  consequence  somewhat  thickened 
just  here,  the  thickening  (which  is  most  marked  in  the  epiblastic  vesicle) 
extending  over  an  area  of  about  -^  inch  in  diameter ;  not  sharply  defined, 
however,  but  gradually  shading  off  into  the  thin  part.  Both  epiblast  and 
hypoblast  are,  it  may  be  repeated,  perfectly  well  defined  and  distinct  from 
one  another  here  as  elsewhere;  and  there  are  no  cells  to  be  seen  which  do 
not  clearly  belong  to  one  or  the  other.  Moreover  they  are  not  only 
separated  by  a  small  but  obvious  amount  of  the  granular  material  (coagu- 
lated fluid)  previously  mentioned,  but  there  is  in  addition  an  exquisitely 
fine  pellicle,  which  in  the  sections  appears  as  a  mere  line  passing  over 
and  forming  a  definite  boundary  to  the  upper  (outer)  surface  of  the 
hypoblast  at  the  thickened  area.  This  membranous  pellicle,  for  which  I 
would  venture  to  propose  the  name  of  memhrana  limitans  hypoblastica,  is, 
as  made  out  in  teased  preparations,  perfectly  homogeneous,  and  continues 
so  throughout  its  extent.  It  becomes  stained  slightly  by  carmine,  but 
apparently  not  at  all  by  logwood,  and  is  probably  to  be  looked  upon  as 
a  cuticukr  formation  produced  by  the  hypoblastic  cells.  Whether  the 
delicate  pellicle  may  extend  around  the  whole  hypoblast  in  the  natural 
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condition  I  am  unable  to  saj ;  in  the  sections,  at  any  rate,  it  appears  to 
terminate  towards  the  periphery  of  the  thickened  area,  and  to  have  become 
curled  somewhat  away  from  the  hypobkst. 

I  am  not  aware  that  a  similar  structure  has  yet  been  noticed  in  the 
early  blastoderm  of  any  animal ;  but  its  importance  in  this  case  in  bounding 
the  hypoblast  is  evident.  Indeed,  if  it  should  be  found  that  the  mem- 
brane in  question  is  of  general  occurrence  in  the  mammalian  germ,  and 
that  the  first  appearance  of  the  mesoblastio  cells  occurs  external  to  it, 
as  from  its  proximity  to  the  hypoblast  there  is  little  reason  to  doubt,  the 
fact  of  the  existence  of  such  a  film  between  the  commencing  mesoblast 
and  hypoblast  is  strongly  in  favour  of  the  view  which  derives  the  former 
from  cells  of  the  epiblast  as  against  that  which  would  assign  to  it  a  hypo* 
blastic  origin. 

[Since  writing  the  above  I  have  been  enabled,  through  the  medium  of 
the  Boyal  Society  Library,  to  see  a  recent  number  of  the  new  *  Zeit- 
schrif  t  f  iir  Anatomic  und  Entwickelungsgeschichte,'which  contains  a  paper 
by  Hensen  on  the  early  stages  of  development  of  the  rabbif  s  ovum.  In 
sections  of  one  blastoderm,  of  which  he  gives  figures,  there  is  a  delicate 
line  at  the  emteriorpart  of  the  germinal  area  lying  midway  between  the 
epiblast  and  hypoblast  and  marked  m,pr.  This  is  referred  to  in  the 
Description  of  the  Plate  as  "  vielleicht  die  erste  Anlage  der  membrana 
prima"  Unfortunately,  although  all  the  figures  appear  to  be  given,  the 
text  of  the  paper  is  incomplete  (the  completion  is  promised  in  the  next 
Number) ;  and  the  full  description  of  this  blastoderm  and  the  account  of 
the  so-called  ''membrana  prima"  are  for  the  present  altogether  wanting. 

But  from  Hensen's  figure  I  have  very  little  doubt  that  his  "  membrana 
prima "  is  a  structure  analogous  with  that  described  by  me  in  the  cat's 
ovum  as  "  membrana  limitans  hypoblastica,"  although  the  position  and 
relations  of  the  membrane,  especially  with  regard  to  the  hypoblast,  appear 
somewhat  differently  in  our  respective  drawings.  I  think  the  name 
"  membrana  prima  "  is,  however,  by  no  means  well  chosen  for  the  struc- 
ture in  question ;  for,  leaving  out  of  consideration  the  primitive  chorion, 
do  not  the  early  embryonic  cells  (the  products  of  segmentation)  them- 
selves compose  the  Jirst  membrane  ?  as  the  very  name  which  has  been 
assigned  to  them  collectively  since  the  time  of  Pander  itself  directly 
implies.] 

DESCRIPTION  OF  PLATE  10. 

Fig.  1.  Diagram  of  a  vertical  aection  across  the  middle  of  the  developing  ovum.    Mag- 
nified. 
g,p.  Section  of  the  zona  pellucida  or  primitive  chorion. 
e.v.  Vesicle  formed  by  the  epiblast. 

h.v.  Vesicle  formed  by  hypoblast  much  smaller  than  the  former. 
ff.  Opposite  the  thickened  portion  of  both  layers  (germinal  area). 
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Fig.  2,  Fieoe  of  tha  epiblast ;  the  oellB  and  nuclei  etained  with  oannine.    Magnified 

about  370  diameters. 
Fig.  3.  Piece  of  the  hypoUaet ;  BimiUurlj  prepared.    Magnified  370  diameters. 
Fig.  4.  Section  across  the  germinal  area  of  the  developing  oyum,  stained  with  logwood. 
Magnified  200  diameters. 
g.p,  zona  pelluoida. 
e,p,  epihlast 
h,p.  hypoblast. 
9n.l,  Membrana  limitans  hypoblastioa. 


VI.  "  Preliminary  Report  to  the  Hydrographer  of  the  Admiralty 
on  some  of  the  Results  of  the  Cruise  of  H.M.S.  '  Challenger ' 
between  Hawaii  and  Valparaiso.''  By  Prof.  Wttvillb  Thom- 
son, F.R.S.,  Director  of  the  Civilian  StaflF  on  board.  Received 
February  26, 1876. 

[This  Beport  will  appear  in  a  subsequent  Number  of  Proceedings.] 


March  30, 1876. 
Dr.  J.  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 

I.  "An  Experiment  on  Electro-Magnetic  Rotation.''  By  W. 
Sfottibwoode,  M.A.,  Treas.  and  V.P.R.S,  Received  February 
24, 1876. 

The  phenomena  of  the  rotation  of  movable  conductors,  carrying  cur- 
rents, about  lines  of  magnetic  force  are  well  known.  One  form  of  ex- 
periment, commonly  called  the  rotating  spark,  presents,  beside  the  actual 
rotation,  some  peculiar  features  which  do  not  appear  to  have  been  noticed  • 
in  detail.  The  instrumental  arrangements  consist  of  a  partially  exhausted 
chamber  with  a  platinum  point  for  one  terminal,  a  ring  for  the  other,  and 
the  intervening  air  or  other  gas  for  the  movable  conductor.  The 
chamber  is  made  in  the  form  of  a  double  cylinder,  so  that  a  magnet  in- 
serted through  the  ring  may  reach  nearly  to  the  point.  The  discharge 
then  passes  between  the  point  and  the  ring,  and  revolves  about  the 
magnet  according  to  Amp Ws  law. 

But  beside  the  rotation,  and  even  when,  through  weakening  of  the 
magnet,  rotation  does  not  actually  take  place,  the  spark,  when  carefully 
observed,  is  seen  to  assume  a  spind  form ;  and  the  spiral  is  right-handed 
or  left-handed  according  to  both  the  direction  of  the  current  and  the  mag- 
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netic  polarity.  This  effect  is  particularly  noticeable  if  the  magnetic  pole 
be  inserted  only  a  short  distance  beyond  the  ring.  The  discharge  is  then 
seen  to  spread  itself  out  sheetwise  on  the  ring  in  the  direction  in  which 
rotation  would  take  place.  The  edge  of  the  sheet  is  in  the  form  of  a 
helix. 

The  object  of  the  following  observations  is  to  bring  out  the  character 
of  this  phenomenon  by  making  it  a  principal  instead  of  a  secondary 
feature  of  the  experiment. 

The  arrangement  here  described  consisted  in  using  the  poles  of  an 
electromagnet  as  the  terminals  of  a  discharge  from  an  induction-coil,  and 
in  observing  the  effect  on  the  form  of  the  discharge  caused  by  exciting 
the  electromagnet.  Por  this  purpose  the  movable  poles  were  insulated 
from  the  main  body  of  the  magnet  by  interposing  a  sheet  of  ebonite  thick 
enough  to  prevent  the  passage  of  the  discharge,  but  not  thicker,  in  order 
as  little  as  possible  to  diminish  the  strength  of  the  magnetic  poles.  The 
discharge  was  then  effected  either  in  the  open  air  or  in  a  closed  chamber. 
The  latter  was  constructed  of  a  short  cylinder  of  glass,  say  3  inches 
in  length  and  2  in  diameter,  having  conical  ends  pointed  inwards,  so  as 
to  receive  the  poles  of  the  magnet.  The  chamber  was  also  furnished  with 
a  pipe  and  stopcock  for  the  purposes  of  exhaustion. 

The  discharge  from  an  induction-coil  taken  in  air  or  other  gas  at 
atmospheric  pressure  consists,  as  is  well  known,  primarily  of  the  spark 
proper  or  bright  line,  irregular  in  form  and  instantaneous  in  duration. 
But  beside  this,  when  the  primary  wire  is  thick  and  the  battery-current 
strong,  the  spark  is  enveloped  in  a  bright  cloud,  or  rather  flame,  which  is 
capable  of  being  thrown  on  one  side,  although  not  entirely  detached  from 
the  spark,  by  a  current  of  air.  This,  when  examined  in  a  revolving 
mirror,  is  found  to  be  subsequent  in  time  to  the  spark  proper,  and  may 
be  considered  to  be  due  to  the  gas  in  the  neighbourhood  of  the  spark 
becoming  sufficiently  heated  to  conduct  part  of  the  discharge,  and  to  the 
consequent  combustion  of  any  extraneous  matter  floating  in  the  medium. 
Such  a  view  is  supported  by  the  fact  that  the  colour  of  this  flame  depends 
partly  upon  the  nature  of  the  gas  in  which  the  discharge  takes  place,  and 
partly  upon  that  of  any  volatilizable  matter  which  may  be  introduced  near 
the  poles. 

The  exciting  of  the  magnet  produces  upon  the  spark  proper  no  appre- 
ciable effect ;  but  as  soon  as  the  flame  is  submitted  to  its  action  it  is 
spread  out  into  a  sheet,  which  arranges  itself  in  a  helicdd  right-handed 
or  left-handed  according  to  the  direction  of  the  current  and  of  the  mag* 
netic  polarity  in  obedience  to  Ampere's  law. 

Effects  substantially  the  same  are  produced  whether  the  discharge  be 
taken  in  gas  at  atmospheric  or  at  a  less  pressure.  But  in  the  former 
case  the  helix  has  a  lower,  in  the  latter  a  steeper  gradient ;  that  is  to  say, 
in  the  former  case  it  presents  a  greater,  in  the  latter  a  less  number  of 
turns  for  a  given  interval  between  the  poles. 
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But  for  producing  the  best  effects,  both  of  the  rotating  spark  and  also 
of  the  spirals,  there  is  a  limit  beyond  which  the  exhaustion  should  not  be 
carried.  At  a  pressure  low  enough  to  produce  stratification,  or  even  short 
of  it,  the  whole  chamber  is  filled  with  the  discharge,  and  all  traces  of 
rotation  and  of  spirals  are  obliterated.  The  stage  best  suited  to  the 
purpose  is  that  in  which  the  discharge  has  thickened  in  diameter,  and 
where  the  spark  proper  has  been  replaced  bj  a  suffused  light  of  the  thick- 
ness, say,  of  a  quill.  If  the  negative  terminal  be  a  surface  (say  the  nailed 
surface  of  the  soft  iron  pole  of  the  electromagnet)  instead  of  a  point, 
the  sheet  does  not  become  contracted  at  the  negative  end,  but  remains 
spread  out  and  cuts  the  iron  pole  in  a  line  radiating  from  the  point. 

Various  gases  were  tried — atmospheric  air,  carbonic  add,  ether,  chlo- 
roform, coal-gas,  hydrogen.  Of  these  the  first  two  succeeded  best.  With 
air  the  illumination  of  the  flame-sheet  was  rather  greater ;  but  with  car- 
bonic acid  greater  steadiness  of  position  was  obtained.  With  both  ether 
and  chloroform  occasional  flashes,  brilliantly  illuminated,  were  seen ;  but 
some  chemical  action  appeared  to  take  place  militating  against  the  steady 
development  of  the  flame-sheet.  With  coal-gas  there  was  an  inconvenient 
deposit  of  carbon  upon  the  sides  of  the  chamber.  With  hydrogen  the 
cloud  was  not  sufficiently  developed. 

The  success  which  attended  the  experiment  with  air  may  possibly  be 
partly  due,  as  suggested  above,  to  the  combustion  of  the  extraneous 
matter  floating  therein ;  and  in  fact  the  brilliancy  and  extent  of  the  sheet 
may  be  increased  by  attaching  a  piece  of  metallic  sodium  to  the  negative 
terminal,  or  by  causing  a  stream  of  any  of  the  chlorides  in  powder,  e.  g.  of 
strontium,  lithium,  &c.,  to  flow  across  the  field  of  action. 

When  a  piece  of  sodium  (or  better  still  of  soda)  is  attached  to  one  of 
the  terminals,  two  effects  may  be  noticed.  When  that  terminal  is  negative 
the  whole  of  the  fiame  is  bright  yellow,  showing  that  the  sodium  is  not 
only  detached  but  even  carried  across  the  field  and  deposited  on  the 
positive  terminal.  When,  however,  the  terminal  to  which  the  sodium  is 
attached  is  positive,  it  is  found  that  the  flame,  when  observed  through  a 
red  glass,  appears  yellow  to  a  certain  distance  from  that  terminal,  but  red 
beyond,  and  also  that  the  pitch  of  the  helix  is  less  near  the  positive  than 
near  the  negative  terminal.  These  effects  may  be  attributed  to  the  pre- 
sence of  metallic  vapour  evolved  by  the  heat  at  the  positive  terminal,  but 
not  carried  across  the  field  as  when  the  terminal  in  question  is  negative. 

The  following  explanation  of  the  phenomenon  is  due  to  Prof.  Stokes, 
from  whose  correspondence  it  is  substantially  taken.  The  mathematical 
solution,  although  only  roughly  approximate,  is  perhaps  still  quite  8uffi-> 
cient  to  give  the  general  character  of  the  experimental  results. 

The  magnetic  field  will  be  supposed  uniform,  and  the  lines  of  force 
parallel  straight  lines  from  pole  to  pole.  The  path  of  the  current  when 
undisturbed  is  also  a  straight  line  from  pole  to  pole.  In  such  a  condition 
of  things,  eveiy  thing  being  symmetricfd,  no  rotation  would  take  place. 
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But  if  throngh  any  local  circumstance,  as  in  the  experiment  in  air,  or 
through  heating  of  the  chamber  as  in  the  exhausted  tube,  or  otherwise, 
the  path  of  the  current  be  distorted  and  displaced,  then  each  element  'will 
be  subject  to  the  action  of  two  forces.  To  estimate  these,  let  (29  be  an 
element  of  the  path,  with  rectangular  components  dx,  dy,  dz,  G  the 
strength  of  the  current,  and  B  the  magnetic  force  with  components  X,Y,  Z, 
which  in  the  first  instance  will  be  treated  generally.  Then  one  force 
will  be  that  tending  to  impel  the  current  in  the  direction  of  the  axes 
respectively,  and  may  be  expressed  by 

(XYdz'-Zdy):ds,    (XZda!^Xdz):ds,  C(Xcty-Tc^)  :  cfo. 

Besides  this,  there  will  be  the  tendency  of  the  current  to  follow  the 
shortest  path  so  as  to  diminish  the  resistance.  Bepresenting  this  as  a 
tension  r,  the  components  at  one  end  of  ds  will  bo 

— r(2a? :  ds^  -^-rdy :  (fe,  -^rdz :  c&, 

and  those  at  tie  other 

{rdxids^-^-d^rdxids)  .  .  .  , 

the  algebraical  sums  of  which  are 

dirdx :  ds\  dijdy :  ds),  d(rdz :  ds), 

and  the  equations  of  equilibrium  then  become 

C(Ydz-Zdy)+d(Tdx:ds)=0, (1) 

clZda!-Xdz)-^d(Tdy:ds)=0,.     ......     (2) 

C(Kdy-'Ydx)+d(Tdz:d8)=0; (3) 

taking  s  as  the  independent  variable  and  multiplying  hydxids^dyids^dzids 
respectively,  and  adding,  we  obtain  c2r=0,  or  r=>  constant.  Again,  mul- 
tiplying by  X,  T,  Z  and  adding  we  obtain 

XePa?:eW+T(fy:cfs'+Zcp2:c2«»=0,    ....     (4) 

which  expresses  that  the  absolute  normal  (or  normal  in  the  osculating 
plane)  is  p*brpendicular  to  the  resultant  magnetic  force. 

In  the  case  of  a  imiform  tint,  X,  T,  Z  will  be  constant.  Integrating 
(4)  and  putting  i  for  the  angle  between  the  tangent  and  the  lines  of 
magnetic  force,  we  find 

Xdx+Ydy+Zdz^'Bds  cos  », 
so  that  the  tangent  line  is  inclined  at  a  constant  angle  to  the  line  joining 
the  poles. 

Again,  the  following  combinations,  (2)  dz — (3)rfy ■eO,  (3)  dx—  (l)dzs=sO, 
(l)dy— (2)c2a?-0give 

or 
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Transposing,  squaring,  and  adding,  and  putting  p  for  the  radius  of  cur- 
vature, we  obtain 

CTB* sin" »«r' :  p\  or  p=r :  CB  sin  t, 

which  is  constant.  The  curve  is  therefore  a  helix.  Also  the  radius  of 
curvature  of  the  projection  of  the  curve  on  a  plane  perpendicular  to  the 
axis  will  be  p  sin' t,  viz.=r  sin  i :  CE. 

"  The  value  of  r  depends  doubtless  on  the  nature  and  pressure  of  the 
gas,  and  perhaps  also  on  the  current ;  but  it  must  be  the  same  for  equal 
values  of  C  of  opposite  signs.  Hence  the  handedness  of  the  helix  will 
be  reversed  by  reversing  either  the  current  or  the  magnetic  polarity.  If 
the  left-hand  magnetic  pole  be  north  (t.  e,  austral,  or  north-pointing), 
and  the  left-hand  terminal  positive,  the  helix  will  be  right-handed.*' 

The  general  nature  of  the  phenomenon  may  therefore  now  be  described 
as  follows : — "  First,  we  have  the  bright  spark  of  no  sensible  duration 
which  strikes  nearly  in  a  straight  line  between  the  terminals.  This  opens 
a  path  for  a  continuous  discharge,  which  being  nearly  in  a  condition  of 
equilibrium,  though  an  unstable  one,  remains  a  short  time  without 
much  change  of  place.  Then  it  moves  rapidly  to  its  position  of  equili- 
brium, the  surface  which  is  its  locus  forming  the  sheet.  Then  it  remains 
in  its  position  of  equilibrium  during  the  greater  part  of  the  discharge, 
approaching  the  axis  again  as  the  discharge  falls,  so  that  its  equilibrium 
position  is  not  so  far  from  the  axis.  Thus  we  see  two  bright  curves  cor- 
responding to  the  two  positions  of  approximate  rest  united  by  a  less 
bright  sheet,  the  first  curve  being  nearly  a  straight  line,  and  the  second 
nearly  a  helix  traced  on  a  cylinder  of  which  the  former  Une  is  a  generating 
line. 

"  It  was  noticed  that  the  sheet  projected  a  little  beyond  the  helix. 
This  may  be  explained  by  considering  that  at  first  the  discharge  is  more 
powerful  than  can  be  maintained,  so  that  the  curve  reaches  a  little  beyond 
the  distance  that  can  be  mtuntained.^ 

The  appearance  of  the  discharge  when  viewed  in  a  revolving  mirror 
(except  the  projection  beyond  the  sheet,  the  illumination  of  which  was 
too  feeble  to  be  observed)  confirmed  the  above  remarks. 

II.  "  The  Residual  Charge  of  the  Leyden  Jar.''  By  J.  Hopkinson, 
M.A.,  D.Sc.   Communicated  by  Prof.  Sir  William  Thomson^ 

F.R.S. 

(Abstract.) 

1.  If  it  be  assumed  that  a  dielectric  under  electric  induction  has  every 
element  of  volume  of  its  substance  in  an  electropolar  state,  and  also  that 
dielectrics  have  a  property  analogous  to  coercive  force  in  magnetism 
whereby  time  is  requisite  for  the  development  or  decay  of  this  electro- 
polar  state,  an  explanation  of  the  residual  charge  of  the  Leyden  jar 
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easily  follows.  Adding  the  hypothesis,  which  at  first  sight  appears  most 
probable  to  connect  the  induction  and  polarization  with  the  time  by  two 
differential  equations,  it  follows  that  the  potential  E  of  a  Leyden  jar 

when  insulated  may  be  expressed  in  the  form  E=(A+B€~"''')€"'^^ 
where  \  and  /i  are  constants  for  the  material,  and  A  and  B  depend  on 
the  previous  states  of  the  dielectric. 

2.  Observations  made  with  the  quadrant  electrometer,  the  condenser 
being  a  Florence  flask  containing  sulphuric  acid,  show  that  E  cannot  be 
so  expressed.  Glass  is  a  mixture  of  different  silicates,  and  it  may  be 
supposed  that  each  substance  is  capable  of  independently  being  electro- 
polar  ;  there  will  thus  be  E  and  more  than  one  polarity  to  be  connected 
with  the  time  by  more  than  two  differential  equations.  Making  a  simi- 
lar obvious  hypothesis  regarding  these  relations,  E  must  be  expressed 

in  the  form  S  A^  c""^"^.    If  this  be  so,  it  would  probably  be  possible  to 

0 

charge  a  Leyden  jar  in  such  a  way  that  the  sign  of  the  return  charge 
after  discharge  and  insulation  should  change  once  or  more. 

3.  This  anticipation  was  verified  by  charging  the  flask  alternately  posi- 
tively and  negatively  for  successively  decreasing  periods.  The  author 
learned  after  making  this  verification  that  Sir  William  Thomson  had  tried 
similar  experiments  before,  but  had  never  formally  published  them. 

4.  The  analogy  between  coercive  force  in  magnetism  and  the  electro- 
coercive  force  suggested  that,  as  mechanical  agitation  shakes  out  the 
magnetism  from  a  magnet,  so  it  might  shake  down  the  electropolar  state 
of  a  dielectric  and  unmask  residual  charge  more  rapidly  than  is  the  ease 
in  quiescence.  This  was  found  to  be  the  case ;  a  residual  charge  manifests 
itself  in  the  flask  more  rapidly  when  the  flask  is  tapped  than  when  it  h 
quiet.  It  was  also  found  that  that  portion  of  the  return  charge  which 
comes  out  last  is  more  accelerated  by  vibration  than  that  which  comes 
out  first,  and  that,  after  tapping,  the  flask  was  less  susceptible  to  the 
effect  of  tapping  than  it  was  before  it  was  touched. 

5.  Experiment  shows  that,  after  a  return  charge  has  attained  a  maxi- 
mum and  is  decreasing  by  conduction  through  the  glass,  the  loss  per 
cent,  per  unit  of  time  does  not  continuously  increase  from  zero  at  the 
point  of  maximum  potential  but  may  presently  decrease. 

6.  Sir  William  Thomson  explained  specific  inductive  capacity  by  sup- 
posing every  part  of  the  dielectric  to  be  electropolar  under  induction ; 
by  introducing  time  into  that  explanation,  it  is  made  to  cover  both  specific 
inductive  capacity  and  that  on  which  residual  charge  depends  as  re- 
spectively rapid  and  slow  cases  of  similar  phenomena. 
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III.  ''  On  the  Placentation  of  the  Lemurs/'  By  Wm.  Turner,  M.B. 
(Lond.),  Professor  of  Anatomy,  University  of  Edinburgh. 
Communicated  by  Prof.  Huxley,  Sec.  R.S.  Beceived 
February  21,  1876. 

(Abstract.) 

In  the  Introduction  to  this  Memoir  a  description  was  given  of  the 
observations  made  by  M.  Alphonse  Mibie-Edwfmls  on  the  gravid  uteri 
of  several  genera  of  Lemurs.  The  author  then  proceeded  to  describe  the 
gravid  uteri  of  six  Lemurs  which  he  had  received  from  Dr.  Andrew 
Davidson,  of  Antananarivo,  Madagascar,  viz.  Propithecus  diadema^  Lemur 
rxifipes,  and  Indris  brevicaudatus.  He  then  summarized  the  conclusions  he 
had  arrived  at  in  the  course  of  his  dissections,  and  showed  that  the 
placenta  in  these  animals  was  diffused  and  presumably  therefore  non- 
decidoate.  The  paper  concluded  with  a  discussion  of  the  bearing  of 
these  observations  on  the  classification  of  the  Lemurs,  and  on  the  theory 
propounded  by  Haeckel  of  the  descent  of  the  deciduate  mammals  from 
a  primaeval  root-form  of  Prosimi®. 

IV.  ''  On  the  Movement  of  the  Glass  Case  of  a  Radiometer.''    By 
William^Crookes,  F.R.S.  &c.     Beceived  March  30,  1876. 

During  the  discussion  which  followed  the  reading  of  Prof.  Beynolds's 
and  Dr.  Schuster's  papers  at  the  last  meeting  of  the  Boyal  Society  I  men- 
tioned an  experiment  bearing  on  the  observations  of  Dr.  Schuster.  I  have 
since  tried  this  in  a  modified  form ;  and  as  the  results  are  very  decided  and 
appear  calculated  to  throw  light  on  many  disputed  points  in  the  theory  of 
these  obscure  actions,  I  venture  to  bring  a  description  of  the  experiment, 
and  to  show  the  apparatus  at  work,  before  the  Society. 

I  made  use  of  a  radiometer  described  in  a  paper  communicated  to  the 
Society  in  January  last.  I  quote  the  description  from  paragraph  184. 
"  A  large  radiometer  in  a  4-inch  bulb  was  made  with  ten  arms,  eight  of 
them  being  of  brass  and  the  other  two  being  a  long  watch-spring  magnet. 
The  disks  were  of  pith,  blackened  on  one  side.  The  power  of  the  earth 
on  the  magnet  is  too  great  to  allow  the  arms  to  be  set  in  rotation  unless 
a  candle  is  brought  near ;  but  once  started  it  will  continue  to  revolve 
with  the  light  some  dbtance  off.'' 

This  radiometer  was  floated  in  a  vessel  of  water ;  and  four  candles 
were  placed  round  it  so  as  to  set  the  arms  in  rotation.  A  mark  was 
put  on  the  glass  envelope  so  as  to  enable  a  slight  movement  of  rotation 
to  be  seen.  The  envelope  turned  very  slowly  a  few  degrees  in  one 
direction,  then  stopped  and  turned  a  few  degrees  the  opposite  way ; 
finally  it  took  up  a  uniform  but  excessively  slow  movement  in  the  direc- 
tion of  the  arms,  but  so  slow  that  more  than  an  hour  would  be  occupied 
in  one  revolution. 
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A  powerful  magnet  was  now  brought  near  the  moving  arms.  They 
immediately  stopped,  and  at  the  same  time  the  glass  envelope  commenced 
to  revolve  in  the  opposite  direction  to  that  in  which  the  arms  had  been 
revolving.  The  movement  kept  up  as  long  as  the  candles  were  burning, 
and  the  speed  was  one  revolution  in  two  minutes. 

The  magnet  was  removed,  the  arms  obeyed  the  force  of  radiation  from 
the  candles  and  rejrolved  rapidly,  whilst  the  glass  envelope  quickly  came 
to  rest  and  then  rotated  very  slowly  the  same  way  as  the  arms  went. 

The  candles  were  blown  out;  and  as  soon  as  the  whole  instrument  had 
come  to  rest  a  bar-magnet  was  moved  alternately  from  one  side  to  the 
other  of  the  radiometer,  so  as  to  cause  the  vanes  to  rotate  as  if  they  had 
been  under  the  influence  of  a  candle.  The  glass  envelope  moved  with 
some  rapidity  (about  one  revolution  in  three  minutes)  in  the  direction 
the  arms  were  moving.  On  reversing  the  direction  of  movement  of  the 
arms  the  glass  envelope  changed  direction  also. 

These  experiments  show  that  the  internal  friction,  either  of  the  steel 
point  on  the  glass  socket,  of  the  vanes  against  the  residual  air,  or  of  both 
these  causes  combined,  is  considerable.  Moving  the  vanes  round  by  the 
exterior  magnet  carries  the  whole  envelope  round  in  opposition  to  the 
friction  of  the  water  against  the  glass. 

As  th^*e  is  much  discussion  at  present  respecting  the  cause  of  these 
movements,  and  as  some  misunderstanding  seems  to  prevail  as  to  my 
own  views  on  the  theory  of  the  repulsion  resulting  from  radiation,  I  wish 
to  take  this  opportunity  of  removing  the  impression  that  I  hold  opinions 
which  are  in  antagonism  to  some  strongly  urged  explanations  of  these 
actions.  I  have  on  five  or  six  occasions  specially  stated  that  I  wish  to  keep 
free  from  theories.  During  my  four  years'  work  on  this  subject  I  have 
accumulated  a  large  fund  of  experimental  observations,  and  these  often 
enable  me  to  see  difficulties  which  could  not  be  expected  to  occur  to  an 
investigator  who  has  had  but  a  limited  experience  with  the  working  of 
one  or  two  instruments. 


Presents  received,  March  2, 1876. 
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*' Preliminary  Note  on  the  Anatomy  of  the  Umbilical  Cord''*. 
By  Lawson  Tait,  P.R.C.S.  fee.    Communicated  by  W.  S. 
Savoey,  P.R.S.     Received  April  28, 1875. 
[Plates  11, 12, 13, 14.] 
I.  Its  txtemal  Form  and  Method  of  Growih, 

The  peculiar  twisted  appearance  of  the  human  umbilical  cord  has  re- 
ceived much  attention  from  anatomists,  and  has  been  the  subject  of 
much  ingenious  speculation.  According  to  Yelpeau  (^Embryologie')  the 
torsion  begins  as  early  as  the  seventh  or  eighth  week,  whilst  Burdach 
has  not  observed  it  earlier  than  the  tenth.  I  have  repeatedly  seen 
fcetuses,  apparently  of  the  twelfth  and  thirteenth  week,  in  which  no 
appearance  of  twisting  was  observable  in  the  cord,  though  one  of  the 
most  perfectly  twisted  cords  in  my  possession  belongs  to  a  foetus  of 
certainly  not  more  than  thirteen  weeks'  development, 

Yelpeau  attributes  the  twisting  simply  to  the  rotation  of  the  foetus. 
Schroeder  Van  der  Kolk  supposes  that  the  blood  flowing  in  the  arteries 
exerts  a  backstroke  influence  on  the  pelvis  of  the  swimming  foetus,  thus 
determining  its  revolution  in  one  direction  or  the  other,  as  the  arteries 
are  to  be  found  to  the  right  or  left  of  the  vein.  In  order  to  dismiss  this 
view  we  have  only  to  recollect  that  the  umbilicus  could  not  in  any  way 
become  a  fixed  axi^,  and  that  the  mechanical  arrangemeht  of  the  heart, 
in  the  non-separation  of  its  streams,  would  yield  but  a  very  weak  im- 
pulse pntil  very  late  in  pregnancy.  The  revolution  of  the  foetus  is  not 
known  to  occur,  though  its  occurrence  is  probable.  Such  revolution 
occurs  in  the  spawn  of  the  frog  as  early  as  the  first  segmentation  of  the 
black  sphere ;  but  then  it  is  evidently  the  result  of  the  necessity  there  is 
for  an  equal  exposure  of  all  parts  of  the  embryo  to  the  action  of  light 
and  heat,  just  as  the  germinal  spot  is  always  uppermost  in  the  bird's  egg. 
No  such  necessity  exists  in  the  persistently  included  mammalian  ovum, 
and  the  revolution  of  the  foetus  cannot  be  accepted.  If  it  did  occur  it  is 
highly  improbable  that  the  revolutions  could  number  only  from  four  to 
eighteen,  these  being  the  ranges  I  have  noticed  in  a  large  number  of 
fully  developed  cords.  Another  objection  to  Schroeder's  hypothesis  is 
that,  as  a  matter  of  fact,  the  arteries  leave  the  omphalic  ring  nearly 
always  below  the  vein  and  symmetrically  arranged  in  relation  to  it. 
Their  passage  to  one  or  other  side  of  it  is  seldom  apparent  till  the  ex- 
ternal dermal  ring  has  been  reached.  Also  I  have  seen  the  first  revolu- 
tion of  the  arteries  pass  from  right  to  left,  after  which  they  suddenly 
bent  on  themselves  and  passed  up  the  cord  in  an  irregularly  straight 
course,  whilst  the  vein  maintained  the  normal  spiral.  Further,  I  have 
seen  the  arteries  reverse  their  course  about  the  middle  of  the  cord,  though 
the  vein  maintained  the  uniform  spiral. 

Sir  James  Simpson  (*  Edinburgh  Medical  Journal,'  July  1859)  was  of 
•  See  Proceedings,  rol.  xxiii.  p.  4^. 
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opinion  that  at  the  time  of  the  commencement  of  the  torsion  the  right 
iliac  artery  appears  more  like  the  continuance  of  the  aorta  than  the  left, 
the  latter  appearing  more  like  a  branch,  the  right  having,  therefore,  a 
stronger  blood-stream  than  the  left ;  it  would  thus  influence  the  foetus. 
This  supposition  is  ingenious ;  but  I  cannot  find  any  fact  which  will 
support  it.  I  have  examined  several  foetuses  from  the  ninth  to  the 
sixteenth  week  without  being  able  to  discover  any  dilEerence  in  the  right 
and  left  iliac  arteries.  Such  dlfiEerence,'if  it  exist,  should  continue  during 
the  growth  of  the  cord;  and  I  have  entirely  failed  to  find  any  evidence  of 
it  in  any  of  the  large  number  of  foetuses  I  have  examined.  Moreover, 
it  seems  greatly  contradicted  by  the  tact  established  by  Hecker,  that  the 
twist  is  once  to  the  left  for  3*5  times  to  the  right.  Further,  are  we  to 
suppose  that  in  the  cases  of  well-matured  childreh  in  whose  cords  there 
are  no  twists,  or  only  very  slight  ones,  the  embryo  has  continued  perfectly 
still  in  the  cavity  of  the  amnion  ? 

Neugebauer  (*  Morphologic  der  menschlichen  Nabelschnur,'  Breslau, 
1858)  explains  the  rotation  by  the  pressure  of  the  blood-stream  on  the 
walls  of  the  vessels.  The  umbilical  vein,  he  states,  has  a  greater  area 
than  the  two  arteries  together,  and  is  more  distended,  the  pressure 
diminishing  its  growth  in  length,  whilst  that  of  the  arteries  is  unin- 
terfered  with,  and  the  natural  arrangement  must  be  spiral.  Whatever 
be  the  explanation,  it  is  a  fact  which  my  injections  and  dissections  have 
established  beyond  dispute,  that  the  arteries  have  a  greater  length  than 
the  vein  in  very  many  cases,  but  it  is  not  true  in  all. 

In  some  cords  the  vein  is  longer  than  the  arteries,  for  it  remains  spiral 
whilst  they  go  almost  straight.  In  others  the  vein  continues  persistently 
and  regularly  a  definite  spiral  direction,  whilst  both  arteries  course  over 
it  first  in  one  direction  and  then  excentrically  in  another,  sometimes  even 
turning  back  over  their  first  course  and  presenting  a  varicose  appearance 
on  the  cord,  to  return  again  to  their  normal  direction.  Neugebauer 
states  what  is  in  strict  accordance  with  my  own  experience,  that  irregular 
twistings  are  very  common  on  the  arteries  but  very  rare  on  the  vein.  I 
have  never  seen  one  on  the  vein. 

Neugebauer  further  believes  that  the  reason  the  majority  of  cords  are 
twisted  from  right  to  left  lies  exclusively  in  a  dissimilarity  in  the  size  of 
the  arteries.  He  has  found  (in  agreement  with  Simpson)  that  the  right 
artery  is  larger  than  the  left.  Occasionally,  he  states,  the  left  is  the 
larger  of  the  two,  and  then  the  twist  is  reversed. 

Hyrtl  ('  Lehrbuch  der  Anatomie  des  Menschen ')  states  that  the  left 
artery  is  usually  the  larger  of  the  two.  I  do  not  see,  in  the  writings  of 
either  of  these  two  authorities,  any  details  of  the  method  of  examination 
oi  their  specimens. 

My  own  method  has  been  to  remove  the  whole  thickness  of  the 
abdominal  wall  from  the  base  of  the  bladder  up  to  and  including  the 
omphalic  ring,  along  with  a  piece  of  cord.    This  I  place  in  my  freezing- 
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machine,  and  cut  from  it  a  number  of  consecutive  sections,  examining  at 
intervals,  by  careful  measurements,  the  two  arteries.  I  have  seen  no 
reason  to  agree  with  the  conclusions  of  Simpson  and  Neugebauer.  Even 
if  their  position  were  established  it  could  only  refer  to  the  contracted 
condition  of  the  vessels  after  death,  and  this  would  afford  no  accurate 
clue  to  their  relative  sizes  during  life.  But  even  if  it  did  it  would  not 
explain,  as  I  shall  try  to  show,  the  spiral  growth  of  the  cord. 

In  the  investigation  of  this  subject  my  first  endeavour  was  to  ascertain 
which  of  the  three  tubes  in  the  cord  had  the  greatest  influence  in  main- 
taining the  spiral,  either  before  the  cord  was  separated  from  its  con- 
nexions or  after.  If,  while  the  cord  was  still  attached  to  both  mother 
and  child,  I  passed  a  needle  through  the  cord  close  to  the  child,  so  as 
to  isolate  the  vein,  and  then  compressed  it  against  the  needle,  I  found 
that  the  spiral  was  completely  maintained.  On  the  contrary,  if  I  com- 
pressed the  arteries  and  cord  together  towards  the  placenta,  the  cord 
emptied  and  became  flaccid,  losing  its  spiral  appearance.  This  was  the 
case  very  markedly  in  the  instance  of  a  cord  which  is  the  most  perfectly 
spiral  in  my  possession.  On  distention  by  injection  it  showed  a  com- 
plete helix  in  the  remarkably  short  distance  of  an  inch  and  an  eighth 
with  a  perfect  lumen  through  the  helix  of  three  sixteenths  in  diameter. 
In  this  cord  the  arteries  coiled  together  within  the  helix  of  the  vein.  In 
no  cord  which  I  have  injected,  and  in  which  the  twist  was  evident  at  all, 
has  it  not  been  as  evident  that  the  vein  was  the  main  factor  in  the  twist. 
I  have  established  this  by  distending,  in  a  well-twisted  cord,  the  three 
vessels  alternately  with  water.  Distention  of  the  vein  induces  the  com- 
plete spiral  of  the  cord.  Distention  of  one  artery  has  little  or  no  effect, 
and  distention  of  both  arteries  in  no  case  equalled  the  results  obtained 
by  distending  the  vein.  I  have  injected  both  arteries  with  some  slightly 
resisting  material,  as  stiff  siee,  and  after  it  has  set  I  have  distended  the 
vein  with  plaster  of  Paris,  and  in  every  case  it  has  become  evident  that 
the  chief  spirality  lies  in  the  vein.  Injection  of  an  artery  with  plaster 
of  Paris  and  allowing  the  whole  cord  to  dry  seldom  produces  a  well- 
marked  spiral  in  any  part  of  the  cord,  and  never  throughout  its  whole 
length.  A  similar  proceeding  with  the  vein  will  produce  a  perfect  spiral 
throughout  the  whole  length  of  any  cord  which  has  the  twist  running 
through  it. 

Neugebauer  also  found  that  blowing  up  the  vein  produced  more  marked 
twisting  of  the  cord  than  blowing  up  the  arteries.  In  one  of  my  speci- 
mens injection  with  plaster  has  done  so  over  a  length  of  three  feet,  and 
the  dried  arteries  are  seen  coiling  round  it;  yet  distention  of  these 
arteries  by  water  did  not  produce  any  spiral  at  all.  In  any  regularly 
spiral  cord  the  arteries  will  always  be  found  on  injection  to  be  within 
the  helix,  a  point  which  is  very  suggestive  that  the  vein  is  the  chief 
factor  in  the  production  of  the  twist.  In  such  cords  as  those  in  which 
the  whole  development  and  the  spiral  are  evidently  deficient  (and  this 
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has  no  relation  whatever  to  the  deyelopment  of  the  child),  the  arteries 
are  to  be  seen  on  the  outside  of  the  imperfect  helix,  and  this  greater 
length  has  to  be  accommodated  by  twistings  and  reversions.  But  even 
in  such  a  cord  sections  are  to  be  seen  where  the  spiral  becomes  complete, 
and  then  the  arteries  take  their  normal  place  within  the  helix. 

Injection  of  one  or  both  arteries  by  plaster,  with  subsequent  drying, 
does  not  produce  a  spiral  even  in  cases  where  the  cord  has  shown  a 
very  marked  spiral  when  the  vein  has  been  previously  distended  with 
water. 

When  the  spiral  is  faintly  marked  but  the  cord  long,  and  the  arteries 
not  very  much,  if  at  all,  longer  than  the  vein,  the  spiral  will  be  foimd 
always  at  the  end  near  the  foetus.  Thus  in  one  specimen,  which  is  very 
typical  of  this  class,  there  are  three  well-marked  helices  occupying  the 
six  inches  of  the  cord  at  the  f OBtal  end.  One  artery  was  successfully 
injected,  and  it  is  seen  to  occupy  an  almost  straight  course  in  the  middle 
of  the  helices,  the  uninjected  artery  accompanying  it  closely,  whilst 
further  on  they  are  both  seen  to  follow,  with  only  one  reversion  or 
doubling,  the  almost  straight  course  of  the  vein. 

This  last  fact  makes  it  very  evident  that  the  growth  of  the  spiral  is 
directed  by  some  mechanism  at  the  foetal  end  of  the  cord,  and  not  by  any 
hypothetical  revolutions  of  the  foetus. 

Prom  the  appearances  of  some  cords  it  would  also  seem  as  if  the  spiral 
growth  of  the  cord  became  interrupted  for  a  short  time,  or  even  reversed, 
and  then  that  it  resumed  its  original  direction. 

In  the  first  and  fourth  volumes  of  the  '  Encyclopedia  of  Anatomy ' 
some  interesting  quotations  are  given  by  Yrolik  and  Mr.  J.  Hart. 
Yrolik  gives  some  cases  where  the  vessels  ran  from  the  foetus  to  the 
placenta  separately,  and  not  twisted  in  a  cord.  He  also  mentions  that 
extreme  shortness  of  the  cord  is  generally  accompanied  by  ectopia  of  the 
abdominal  viscera,  indicating  an  arrest  of  development  at  an  early  period 
of  embryogenesis.  Budolphi  states  that  the  umbilical  vein  is  persistently 
double  in  the  Quadrumana  of  the  new  world ;  but  I  cannot  anywhere 
find  a  statement  as  to  w^hether,  in  such  a  case,  the  cord  is  twisted 
or  not. 

I  think  we  may  conclude  from  some  of  these  facts  that  both  the 
growth  of  the  cord  and  its  spiral  direction  are  due  to  some  mechanism  at 
the  omphalic  ring,  and  that  probably  that  mechanism  is  in  a  most  im- 
mediate relation  to  the  umbilical  vein. 

Purther,  I  think  it  certain  that  the  greater  part  of  the  spiral,  and  the 
closest  coils  of  the  spiral,  are  forined  during  the  later  months,  or  even 
weeks,  of  gestation.  Thus  in  cords  which  are  deficient  in  the  spiral  it  is 
always  most  marked  near  the  foetus ;  and  in  one  which  I  have  already 
alluded  to  as  the  most  perfectly  spiral  cord  I  have  seen,  the  helices  were 
complete  in  an  inch  and  an  eighth  near  the  child,  whilst  they  gradually 
opened  out  towards  the  placenta,  so  that  the  last  was  nearly  three  inches 
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in  length.  This  could  not  be  the  case  if  the  twisting  were  due  to  the 
rotation  of  the  foetus  during  early  embryonic  life,  as  then  we  should 
expect  that  the  spiral  would  be  uniformly  spread  over  the  cord,  if,  indeed, 
it  would  not  be  most  marked  near  the  placenta.  Neugebauer  says  that 
the  spirals  have  a  uniform  length,  with  the  exception  of  those  close  to 
the  pLicenta,  which  are  almost  invariably  longer. 

In  his  *  Cellular  Pathology,'  Professor  Virchow  gives  a  drawing 
of  the  umbilical  cord,  and  the  following  description  of  its  vessels: — 
'*  The  only  capillary  vessels  which  are  found  in  the  whole  length  of 
the  umbilical  coni  of  a  somewhat  developed  foetus  do  not  extend 
more  than  about  4  or  5  lines  (in  rare  instances  a*  little  further) 
beyond  the  abdominal  walls  into  that  part  of  the  cord  which  remains 
after  birth.  The  further  up  this  vascular  part  extends  the  greater  the 
development  of  the  navel.  When  the  vascular  layer  is  prolonged  but  a 
very  short  distance  the  navel  is  depressed.  The  capillaries  mark  the 
limits  of  the  permanent  tissue ;  the  deciduous  portion  of  the  cord  has 
no  vessels  of  its  own." 

I  have  made  many  very  careful  injections  of  fostuses  of  various  ages 
in  order  to  verify  this  observation.  For  a  long  time  I  was  quite  unable 
to  do  so,  and  I  had  the  impression  that  Virchow  had  mistaken  a  part  of 
the  dermal  ring,  with  the  epithelium  rubbed  off,  for  a  part  of  the  true  sub- 
stance of  the  cord.  From  a  large  number  of  observations  I  have  found  that 
the  dermal  ring  runs  on  to  the  cord  in  a  camb-like  shape  (Plate  11.  fig.  1) — 
that  is,  that  the  length  of  the  ring  is  unequal  all  round,  the  greatest 
length  corresponding  generally  to  the  position  of  the  vein  at  the  upper 
part  of  the  ring  (Plat«  11.  fig.  2).  This,  however,  is  not  constant.  At 
this  point  the  capillary  plexus  is  shown  in  Yirchow's  drawing ;  and  from 
a  completion  of  Yirchow's  partial  observation,  it  seems  to  me  that  in  this 
arrangement  we  have  the  immediate  mechanism  of  the  spiral  growth  of 
the  cord. 

The  necessities  which  have  evolved  it  are  probably  those  of  the  erect 
position  of  the  human  animal,  by  which  the  fcBtus,  resting  on  the  brim 
of  the  pelvis,  might  compress  the  cord  to  an  unsafe  extent.  This  com- 
pression would  be  better  resisted  by  a  spiral  cord  than  by  a  straight  one. 
Further,  the  form  of  the  human  uterus,  and  the  occurrence  of  single 
gestation  as  a  rule,  favour  movements  of  the  foetus  in  all  directions ;  so 
that  it  is  well  known  to  the  tocologist  that  the  foetus  frequently  changes 
its  position,  though  nothing  like  revolutions  are  known.  During  these 
movements,  however,  the  child  might  make  one  or  more  revolutions, 
and  these  might  have  a  disastrous  result  if  the  cord  were  straight; 
but  it  being  already  twisted,  a  few  revolutions  in  the  direction  of  the 
twist  could  do  no  harm  in  the  way  of  occluding  the  vessels,  nor  could  a 
few  revolutions  in  the  direction  of  untwisting  it  be  at  all  likely  to  be 
hurtful. 

John  Goodsir  has  shown  how  thoroughly  the  spiral  runs  through  all 
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growth,  and  how  perfectly  it  is  seen  in  jobts.  It  is  the  uniyersal  direc- 
tion of  growth  in  plants  and  shells,  and  may  yet  be  shown  to  exist  in 
structures  where  little  suspected.  If  we  accept  the  doctrine  of  con- 
tinuous descent,  we  can  be  at  no  loss  to  account  for  the  presence  of  a 
spiral  in  the  umbilical  cord,  the  most  lowly  organized  structure  in  the 
human  economy.  If  we  do  not  accept  that  doctrine  as  more  than  an 
hypothesis,  the  spiral  growth  of  the  cord  may  yet  be  advanced  as  an 
argument  in  favour  of  its  establishment.  To  this  end  its  history  must 
be  carefully  worked  out,  and  to  this  I  hope  to  be  able  to  make  a  con- 
tribution in  another  note. 

Virchow  is  the  only  author  whom  I  have  found  to  state  that  capillaries 
pass  from  the  structures  of  the  child  into  the  substance  of  the  cord ;  but 
there  can  be  no  doubt  that  he  is  correct. 

I  injected  a  large  and  fully  developed  still-bom  child  with  a  strong 
solution  of  Berlin  blue  in  size,  under  the  pressure  of  350  millims.  of 
mercury.  Every  organ  was  completely  injected  and  the  liver  had  given 
way. 

At  the  foetal  attachment  of  the  cord,  and  running  upwards  from  the 
line  of  demarcation,  was  an  arrangement  of  small  capillaries.  These 
were  visible  all  round  the  attachment  of  the  cord,  but  at  some  parts  were 
not  more  than  a  millimetre  in  length,  while  elsewhere  they  were  8  or  10 
millims.  They  did  not  seem  to  form  loops,  but  to  run  straight  out  from 
the  dermal  ring  along  the  cord  and  immediately  under  its  surface. 

There  were  five  points  at  which  the  exaggeration  in  length  was  very 
marked,  three  of  these  corresponding  to  the  region  of  the  vein,  and  one 
to  each  of  the  arteries  (Plate  11.  fig.  2). 

It  will  be  seen  from  this  that  the  nutrition  and  growth  of  the  cord, 
supposing  them  to  be  in  part  due  to  this  arrangement  of  blood-vessels, 
must  be  unequal — that  is,  that  one  side  will  grow  somewhat  more  than 
that  opposite.  This,  of  course,  is  certain  to  result  in  a  spiral ;  and  this 
principle  of  unequal  nutrition  I  hope  to  be  able  to  demonstrate  in  further 
communications  as  a  great  principle  in  all  organic  spiral  growth. 

A  further  consideration  of  the  arrangement  and  function  of  this 
plexus  is  given  in  another  division  of  this  note. 

n.  Its  Covering. 

The  naked-eye  appearance  of  the  covering  of  the  umbilical  cord  needs 
no  minute  description  here.  Like  all  other  serous  surfaces,  it  is  smooth 
and  glistening,  and  it  is  continuous  with  the  epithelium  of  the  amniotic 
surface  of  the  placenta;  but  a  very  sharp  line  of  demarcation  exists 
between  the  epithelial  surface  of  the  cord  and  that  of  the  skin  covering 
the  omphalic  canal. 

This  line,  however,  is  only  a  naked-eye  appearance ;  for  staining  and 
examination  by  the  microscope  show  that  the  layers  are  continuous. 

I  have  not  seen  any  difierence  between  the  structure  of  the  two 
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epithelial  Barfaces,  nor  do  I  think  that  there  is  much  difference  in.  their 
function. 

The  epithelial  covering  of  the  cord  is  said  to  be  derived  from  the 
amnion ;  but  this  is  a  loose  method  of  description  which  has  yet  to  be 
substantiated. 

In  all  the  microscopic  examinations  from  which  descriptions  are  taken 
in  this  paper,  the  sections  have  been  made  by  my  freezing  section  cutter, 
from  fresh  tissue  unless  otherwise  stated ;  and  they  have  been  submitted 
to  various  staining-processes  by  the  action  of  litmus,  hsBmatoxylin,  red 
cabbage,  &c.,  as  described  in  Humphrey  and  Turner's  'Journal  of  Anatomy 
and  Physiology,'  May  1875.  The  lenses  used  have  been  a  half -inch  and 
a  quarter-inch  objectives  of  Natchet,  with  the  corresponding  eyepieces 
1,  2,  and  3,  and  an  immersion  sixteenth  of  Hartnack. 

To  obtain  pieces  of  the  epithelial  surface  of  the  fresh  cord  of  an^  size 
and  of  sufficient  thinness  to  see  the  sur&tce  transparently  was  a  matter 
of  considerable  difficulty.  I*  first  of  all  tried  freezing  the  fresh  cord 
while  pressed  flat  against  a  piece  of  glass,  tearing  off  the  glass  and  then 
cutting  off  the  flattened  surface.  To  the  fact  that  the  glass  removed 
with  it  a  great  part  of  the  epithelium  I  owe  a  most  important  though 
accidental  observation.  I  further  found  that  first  smearing  the  glass 
with  glycerine  prevented  the  cord  becoming  intimately  attached  to  it ;  and 
by  carefully  washing  off  the  glycerine  by  distilled  water  I  obtained  a 
perfect  epithelial  surface  free  from  disturbance.  This  I  examined  after 
being  treated  in  various  ways.  Soaking  the  section  in  an  ammoniated 
solution  of  litmus  or  hsdmatoxylin  and  reducing  the  colour  by  washing  it 
in  a  *004  per  cent,  solution  of  nitric  add,  I  found  that  the  epthelial 
layer  was  single  and  composed  of  irregularly  polygonal  cells,  regularly 
nucleated.  These  cells  were  bedded  in  a  fibrillar  matrix,  very  thin,  and 
in  which  no  special  structure  could  be  discovered,  and  which  is  certainly 
only  a  slightly  condensed  arrangement  of  the  canalicular  system  on  whidi 
the  cells  He.  Yirchow  has  described  the  subepithelial  tissue  as  a  '<  some- 
what denser  dermoid  layer ; "  but  I  have  failed  to  see  any  such  analogy. 
The  fusiform  nuclei  of  the  canalicular  tissue  are  to  be  seen  (Pkte  11. 
fig.  6)  immediately  under  the  single  layer  of  epithelium,  lying  in  the  direc- 
tion of  the  long  axis  of  the  cord.  These  epithelial  cells  differ  from  similar 
cells  on  the  fcetal  sur&ce  of  the  placenta  and  amnion  only  in  being  some- 
what less  regular  in  size  and  arrangement ;  and,  indeed,  in  these  points 
they  differ  to  a  considerable  extent  on  various  parts  of  the  cord  itself,  for 
they  are  slightly  larger  and  more  regular  near  the  foetus  than  near  the 
placenta.  That  there  is  only  a  single  layer  of  cells  is  a  point  on  which 
I  am  satisfied ;  for  I  have  stained  the  whole  layer  removed  on  the  glass, 
as  I  described  above,  and  I  have  never  been  able  to  focus  one  cell  abo^-e 
another. 

Further,  in  a  microscopic  section  of  a  fresh  cord  stained  with  hoema- 
toxylin  the  epithelial  covering  may  be  seen  to  be  turned  over.    The 
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nuclei  are  stained ;  and  when  they  are  brought  into  focus  under  a  quarter 
objective,  it  requires  only  about  the  thirtieth  part  of  a  revolution  of  a 
fine  screw  adjustment  to  bring  the  subjacent  fusiform  nuclei  into  clear 
definition,  that  screw  having  56  threads  to  the  inch.  The  thickness  of 
the  layer  is  therefore  certainly  not  more  than  y^  of  an  inch. 

For  the  silver  treatment  I  have  employed  a  solution  of  lactate  of  silver 
with  the  addition  of  some  free  lactic  acid,  and  I  have  found  the  results 
more  definite  than  those  given  by  the  employment  of  a  solution  of  the 
nitrate.  The  method  is  advised  by  Serge  Alferow,  of  Gharkow.  This 
treatment  displays  an  irregularity  of  size  and  arrangement  of  the  cells 
such  as  I  do  not  see  in  those  of  any  other  epithelial  surface,  and  which 
I  think  must  be  due  to  the  sifigleness  of  the  layer.  It  is  not  due  to  my 
method  of  treatment,  for  I  have  seen  it  in  small  pieces  which  I  have 
snipped  off  by  scissors,  without  freezing  on  glass.  The  intercellular  sub- 
stance takes  on  the  characteristic  brown  colour  (Plate  11.  fig.  3),  and  be- 
tween certain  cells  slight  ganglionif  orm  enlargements  of  this  colour  are  to 
be  seen  in  great  numbers — ^the  stomata  spuria  of  Klein.  I  am  in  as  great 
doubt  as  that  author  whether  these  dark  spots  have  any  thing  to  do  with 
the  subjacent  canal-system.  They  may  have ;  but  I  have  seen  nothing  as 
yet  which  convinces  me  that  they  are  other  than  mere  extensions  of  the 
peculiar  intercellular  substance  which  first  takes  up  the  argentic  stain. 
That  this  stain  is  more  than  a  mere  filling  up  by  the  darkened  solution 
of  intercellular  gutters  must  be  the  conviction  of  any  one  Vho  works  to 
any  large  extent  with  silver  fluids ;  for  in  other  tissues  it  may  be  seen 
to  affect  nuclei  with  avidity,  as  notably,  in  my  own  experience,  it  does  in 
the  placenta  and  in  the  ovary.  Certain  groups  of  cells  in  epithelial 
surfaces  are  seen  to  take  up  this  colour  without  apparent  meaning ;  but 
this  is  much  less  frequent  in  the  cord  than  in  the  amnion,  &c. 

The  groups  of  small  darkly  coloured  cells  or  nuclei  which  are  now 
admitted  to  mark  the  stomata  of  serous  membranes  are  numerous  on 
the  cord ;  but  I  am  bound  to  state  that  my  experience  of  them  had  to  be 
extended  to  other  membranes  before  I  could  admit  for  them  the  inter- 
pretation which  they  had  in  the  opinion  of  others,  and  notably  of  Koster. 
They  are  unquestionably  the  orifices  of  the  vast  system  of  canals  which 
forms  the  basis  of  the  cord  and  upon  which  it  solely  depends  for  its 
nutrition.^  Bound  their  orifices,  or  within  their  entrance  (I  have  not  yet 
decided  which),  are  to  be  seen  these  small  darkly  shaded  cells.  I  doubt 
if  they  are  endothelia.  I  believe  that  rather  they  are  young  epithelia  in 
growth ;  that,  in  fact,  these  stomata  are  the  points  of  growth  and  ex- 
tension of  the  epithelial  layer  of  the  cord,  and  that  the  groups  of 
darkly  coloured  cells  of  larger  size  to  which  I  have  already  referred  are 
the  same  in  further  progress.  It  certainly  is  the  fact  that  round  the 
stomata  the  uncoloured  cells  are  often  of  much  smaller  size  than  they  are 
at  a  little  distance  away.  At  a  few  points  I  have  been  fortunate 
enough  to  see  these  stomata  leading  directly  into  a  canal,  into  which  the 
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staining'fluid  seemed  to  have  permeated,  and  therefore  rendered  it 
distinct. 

But  the  absolute  proof  is  to  be  found  in  a  few  preparations  where 
the  epithelium  has  been  partly  removed  by  the  accident  I  have  already 
described.  Thus  at  one  spot  I  saw  the  edge  of  the  coloured  epithelium 
curled  up,  displaying  the  naked  (Plate  11.  fig.  3)  canals  where  it  had 
been  removed ;  and  there  the  stomata  could  be  seen  leading  directly  into 
the  canals  where  the  epithelium  was  still  in  situ.  The  canals  will  be  seen 
branched  in  all  Erections,  with  large  central  spaces.  At  one  point  at 
least  I  certainly  saw  such  an  enlargement  correspond  exactly  with  a 
true  stoma ;  and  though  much  remains  to  be  done  in  this  direction,  it 
seems  to  me  more  than  likely  that  each  of  these  lacunar  enlargements 
may  be  at  any  or  at  some  time  the  site  of  a  stoma. 

The  number  of  stomata  on  the  surface  of  the  cord  is  certainly  very 
much  less  than  the  number  of  lacunar  enlargements  in  the  subjacent 
canals.  But  it  does  not  seem  probable  that  the  sites  of  the  stomata 
are  constant.  They  seem  rather  to  be  in  process  of  change,  formed  by 
loss  of  epithelium  and  closed  by  its  regeneration.  This  is  not  much 
more  than  speculation ;  but  it  would  explain  some  curious  facts  hitherto 
not  explicable. 

I  have  already  mentioned  that  there  seems  to  be  some  difference  in 
the  details  of  the  arrangement  of  the  epithelium  at  the  foetal  end  of 
the  cord  from  that  at  the  placental  end.  Perhaps  these  differences  are 
accidental  to  the  one  cord  examined  for  this  purpose;  but  even  there 
they  are  marked  enough  to  be  mentioned.  The  cells  are  smaller  and 
more  irregularly  jointed,  and  more  especially  they  seem  elongated  in 
the  direction  of  the  long  axis  of  the  cord.  They  are  not  so  well  marked 
nor  so  numerous,  and  the  darkened  groups  of  small  cells  are  not  much 
seen.  The  whole  structure  gives  the  impression  as  if  it  was  older  than 
that  nearer  the  foetus.  Thus  in  the  canals  and  in  the  stomata  are  to  be 
seen  regular  rows  of  minute  refracting  globules,  visible  only  under  very 
high  powers,  the  nature  of  which  I  have  been  unable  to  make  out  as  they 
are  seen  only  after  deep  silver  staining. 

in.  Its  Substance. 

Since  the  publication  of  Wharton's  *Adenographia'  (London,  1656), 
the  name  of  "Wharton's  jelly"  has  been  retained  for  the  proper  substance 
of  the  cord. 

Although  the  substance  is  in  no  sense  gelatinous,  the  name  is  convenient 
from  its  traditions,  and  it  is  likely  to  be  retained.  The  jelly-like  appear- 
ance is  due  simply  to  a  preponderance  of  fluid  contained  in  alveoli. 
Yirchow  dismisses  the  chemical  character  of  this  fluid  by  saying  that  it 
contains  mucin.  So  far  as  I  have  gone,  however,  it  contains  much  more 
definite  compounds,  and  seems  closely  to  resemble  the  liquor  amnii,  if, 
indeed,  it  be  not  that  fluid  itself.    This  point  requires  much  more  inves- 
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iigation  than  I  tiave  fet  been  able  tr>  givts  to  it,  Vbehow  regards  tbit 
tisiue  as  rankiag  witb  embrvouk-  hul)c:utaneoiw  tissniG  and  the  vitrt-oiis 
humour-  I  am  not  yet  m  a  position  to  |pvc  an  opinion  on  this  mlation- 
ehip,  though  I  think  it  possibJr- 

This  alrtsolated  tissue  is  divid^^d,  throughout  the  whole  length  oi  the 
eonl,  into  three  t-olumn^,  one  of  which  iurramnds  eadi  blood- veisel.  The 
diTisions  between  theae  three  coluuutis  are  not  visible  to  the  miked  ey», 
but  they  become  very  perceptible  whc^n  the  tisane  is  injected  m  the 
inanut»r  to  be  am  mediately  dea^Tibed.  When  tbe  nossde  of  the  injecting- 
appamttis  is  inserted  into  tbe  tissue  of  one  column,  the^uid  will  l>e  found 
to  travel  along  that  district  only^  unless  such  pressure  is  used  as  produces 
mptun?  of  the  limitation  of  the  column*  Th^*  injix-t.ion  will  be  found  to 
Burround  the  blood-vessel  of  its  distnct  %vith  great  uniformity  (as  shown 
in  Plate  IL  fig.  4),  but  the  injection  \rill  never  be  found  to  encroach  upon 

(the  waDs  of  the  vessel.  Tbe  limitation  can  scarcely  be  said  to  be  mem- 
branous ;  for  if  the  adjacent  tissue  of  two  columns  be  injected,  the  line 
of  demarcation  where  they  touch  eannot  be  made  out.  It  iie4:»tns  to 
depend  upon  the  abseuco  of  commnuiaition  between  tbo  canals  of  the 
f  two  columns.  This  is  a  most  interesting  fact  bearing  on  thu  nutrition 
of  the  blood-vessels. 

Yirchow  describes  the  proper  substance  of  the  cord  as  consisting  of 
"reticulated  tissue,  the  meshes  of  which  contain  mucin  and  a  few 
roundish  cells,  whilst  its  trabeculsd  are  composed  of  a  striated  fibrous 
substance  in  which  lie  stellate  corpuscles.  When  a  good  preparation  has 
been  obtained  by  treatment  with  acetic  acid,  a  symmetrical  network  of 
cells  is  brought  to  view,  which  splits  up  the  mass  into  regular  divisions." 

Kolliker  considers  the  substance  to  be  "immature  connective  tissue 
with  stellate  anastomosing  cells."  Weisemann  thinks  "  it  corresponds  to 
the  skin  and  subcutaneous  tissue  in  arrest  of  development."  But  it 
seems  to  me,  however  probable  their  explanations  of  the  biological 
relations  of  the  tissue  may  be,  that  their  descriptions  of  its  anatomy 
are  only  partially  accurate  and  far  from  being  complete.  The  facts  are 
that  the  striated  fibrous  tissue  is  composed  of  the  coUapsed  walls  of 
numerous  canals  of  which  alone  the  proper  tissue  of  the  cord  is  made 
up.  When  only  partially  emptied  some  of  them  appear  like  stellate 
cells,  and  therefore  they  give  the  deceptive  appearance  of  there  being  a 
matrix  in  which  Virchow's  "connective-tissue  corpuscles"  are  imbedded. 
In  the  lacunar  spaces  of  the  system  oval  nuclei  are  imbedded  in  the 
walls  of  the  canals.  In  a  large  number  of  observations  I  have  never 
seen  these  nuclei  alter  their  shape  and  position. 

Before  detailing  the  results  of  my  observations  on  these  canals,  it  will 
prove  more  satisfactory  if  I  describe  my  methods  of  preparing  the  speci- 
mens observed.  First  of  all  I  may  say  that  I  have  in  no  instance  drawn 
a  conclusion  from  observations  made  on  a  cord  otherwise  than  perfectly 
^    fresh,  unless  it  is  distinctly  stated  to  the  contrary*    !Wiave  found  the 
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examination  and  treatment  of  tissue  which  has  been  subjected  to  hard- 
ening reagents  so  unsatisfactory  that  I  have  quite  discarded  it. 

All  my  sections  are  made  by  the  freezing  process  (described  in  Hum- 
phrey and  Turner's  Journal  for  May  1876),  so  that  sections  of  the 
perfectly  fresh  cord  of  about  ^-^  of  an  inch  in  thickness  have  been 
examined.  These  have  been  subjected  to  various  treatments — as  simple 
clearing  by  glycerine,  destruction  by  acetic  acid,  staining  by  silver  lactate, 
and  by  my  various  indifferent  staining-fluids,  heBmatoxylin,  litmus,  cab- 
bage, Ac.  (also  described  in  Himiphrey  and  Turner's  Journal). 

My  injecting-apparatus  is  so  arranged  that  it  acts  automatically  when 
set  at  work.  The  tissue  injected  and  the  whole  apparatus  is  surrounded 
by  a  current  of  warm  water,  the  temperature  of  which  is  registered. 
The  injecting  force  is  supplied  by  compressed  air  admitted  directly  to 
the  surface  of  the  injecting-fluid,  and  the  pressure  is  registered  by  a 
manometer.  The  nozzles  used  vary  in  diameter  from  1  to  4  millims. 
The  fluid  used  is  a  ten-per-cent.  mixture  of  Seitels's  Berlin  blue  sus- 
pended in  firm  size.  This  does  not  stain  the  tissue  because  it  is  not  in 
solution,  yet  its  granules  are  too  small  to  be  seen  by  any  power  of  lens 
in  my  possession.  That  it  is  not  in  solution  is  certain  from  the  fact 
that  it  is  completely  removed  from  the  fluid  by  adding  some  albumen 
and  boiling.  Similar  but  not  so  satisfactory  results  may  be  obtained  by 
Davies's  granular  carmine ;  but  here  the  granules  are  too  large  to  enter 
the  canals,  save  under  such  pressure  as  produces  frequent  extravasation. 

One  disadvantage  of  the  Berlin  blue  is  that  it  contains  a  little  free 
acid,  and  must  do  so  to  remain  visible.  After  a  short  time  this  acid 
destroys  the  colouring  of  the  stained  nuclei ;  so  that,  save  in  an  almost 
perfectly  fresh  specimen,  it  is  impossible  to  demonstrate  the  relations  of 
the  nuclei  to  the  canals  when  distended  by  the  injection. 

The  method  of  injection  of  these  canals  is  apparently  very  rough.  It 
consists  simply  in  inserting  a  small  nozzle  superficially  into  the  substance 
of  the  cord  over  and  parallel  with  the  course  of  a  vessel,  tying  it  in,  and 
injecting  under  a  low  pressure  of  60  or  60  millims.  of  mercury. 

Schweiger-Seidel  made  the  very  obvious  objection  to  this  (Eeckling- 
hausen's)  method  that  any  appearances  presented  by  it  would  be  simply 
those  of  extravasation.  Such  was  my  own  belief  when  I  first  tried  it  on 
the  cord ;  but  very  short  experience  showed  me  that  the  result  was  a 
regular  and  uniform  injection  of  a  system  of  canals,  and  that  extravasa- 
tion was  very  rare  and  always  limited  to  the  immediate  neighbourhood 
of  the  wound  in  the  cord.  With  the  whole  apparatus  at  a  temperature 
of  47°  and  a  pressure  of  60  millims.,  I  have  injected  a  column  of  the 
cord  for  a  distance  of  9  inches  in  about  half  an  hour.  The  injection 
travels  rather  more  rapidly  in  the  direction  from  the  child  to  the  placenta 
than  in  the  opposite  direction. 

I  have  repeatedly  seen  minute  streams  of  the  blue  injecting  fluid 
flowing  from  the  surface  of  the  cord  into  the  water  «vxiTW3a^3^%^^'»3^^^^ 


at  as  Iqw^  a  pressure  a«  55  niiUims-,  with  a  noz^h  only  1  nullim.  in  dia- 
meter :  yet  at  a  pressure  of  350  miUims,  I  have  cot  produced  a  rent  m 
the  airrfaoe  of  tbe  cord,  thoagb  1  have  produced  numerous  extrava^aations 
into  the  alveoli  and  into  the  neighbouring  oolumns.  The  appearance* 
when  these  canala  are  dii^tended  are  well  shown  in  eeveral  of  the  draw- 
ings, but  especially  in  Plate  1 1 .  figs*  5,  G,  aud  Plate  12>  fig,  14,  in  the 
fint  of  whicb  they  ate  aeeii  to  nmvp  dose  to  iiie  mnBColer  coil  of  ibe 
ttrtery.  Transyene  and  loogitii&iil  BbctiaoB  ol  ilie  aanie  piece  of  the 
eoid  showitiiat  tJi^yaie  atelhte  in  eray  phoe,  and  flMit  11^ 
municate  in  Ofeiy  direeijon;  Imt  tteir  piooiBsaeB  aze  dig^tty  lokiger  in 
tiie  long  axia  of  tiie  cord  than  in  any  oOifir.  This,  however,  is  not  oonr 
atiOitly  erident.      ,     .  .  * 

Bedlinghanien  zegaida  tiieee  canals  as  wall4e6s  qpaoes  between  tfa« 
anastomosing  ceUsy  simple  intexlpaols  in  Uie  oonnecliTe-tissae  basis 
sobstance  C*  Ansgrabongen  in',  der  Binddgewebs-Orondrabstans  ") ;  but 
tiiat  this  is  not  so  my  own  obamrvtionSy  sabstttntbting  tibbae  of  Kcater,  I 
tidnk  oomii^etdy  estaUidied.  .It is  best  ptoved  by  pzqparations of  the 
termination  of  the  injeeted  dUsiaeti  where  the  bine  coloor  may  be  seen 
running  into  the  processes  of  Hie  so-called  stellate  **  connectiye-tissiie 
corpuscles,"  contrasting  with  the  complete  occupation  by  the  colour  of 
every  thing  but  the  alveoli*.  It  is  in  these  alveoli  exclusively  that  I  haie 
found  the  round  migratory  cells. 

Henle  thinks  that  the  anastomosing  cells  may  be  the  foundation  plan 
for  blood-vessels  ("  Gef assanlage  "),  such  as  are  seen  in  the  umbilical  cords 
of  all  mammals  but  man.  So  far,  however,  as  I  have  yet  seen  the  vessels 
which  extend  over  the  mammalian  cord  are  chiefly  on  its  surface,  as  1 
have  already  mentioned  they  are  to  a  limited  extent  at  the  foetal  inser- 
tion of  the  human  cord ;  but  this  point  is  one  for  further  research. 
It  is  scarcely  possible,  however,  to  regard  a  system  of  canals  which 
constitutes  the  whole  tissue  of  the  cord  as  a  representative  of  blood-vessels, 
otherwise  it  must  somewhere  be  seen  as  an  almost  erectile  tissue. 

Fohmann  has  asserted  that  he  has  injected  a  complete  system  of  lym- 
phatic vessels  in  the  cord  by  quicksilver ;  and  though  Yirchow  thinks 
that  his  material  has  permeated  the  alveoli,  and  Hyrtl  that  his  lymphatics 
are  mere  chasms  in  the  tissue,  I  think  it  possible  that  he  really  has 
injected  these  canals,  but  that  from  his  inability  to  make  sections  which 
would  retain  the  quicksilver  in  the  tissue,  he  has  not  demonstrated  the 
facts  of  his  system.  This  difficulty  is  obviated  by  the  use  of  size  and 
Berlin  blue. 

Staining  with  silver  lactate  (1  in  800,  with  slight  excess  of  lactic  add) 
leaves  the  canals  as  clear  white  spaces  (Plate  11.  fig.  3),  but  gives  a  decided 
brown  edge  to  them,  which  shows  that  they  are  walled.  Their  general 
appearance  after  this  treatment  closely  corresponds  to  that  seen  after 

*  This  is  also  shown  in  silver-stamed  sections  (Plate  11.  fig.  3),  where  the  walls  seem 
indicated  by  an  increase  of  colour.  C^  r^r^n\r> 
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their  injection  minus  the  extreme  distention.  I  have  never  seen  any 
appearance  of  endothelia  in  these  canals  ;  but  there  is  a  very  constant 
relation  of  nuclei  to  their  walls  in  the  lacunar  spaces.  These  nuclei, 
when  examined  by  a  power  of  200  diameters,  seem  to  be  fusiform  (Plate  11. 
fig.  8) ;  but  when  examined  by  a  sixteenth  immersion-lens,  they  are  foimd 
to  be  of  a  regular  oval  shape,  and  to  have  a  nucleolus  which  is  very  small 
in  proportion  to  the  mass  of  protoplasm  (Plate  11.  fig.  7).  They  are  not 
always  solitary,  and  occasionally  one  large  nucleus  may  be  seen  asso- 
ciated with  a  number  of  smaller  structures  which  seem  identical.  These 
nuclei  are  readily  shown  by  acetic  acid ;  but  by  such  treatment  their  re- 
lations to  the  lacunae  are  destroyed.  They  readily  take  up  the  colouring- 
matter  of  an  indifferent  solution  of  hsamatoxylin ;  bat  I  have  not  yet  been 
able  to  colour  them  with  litmus.     These  nuclei  are  constant. 

In  the  alveoli,  which  lie  between  the  anastomosing  branches  an4  also 
between  the  lacunsa  of  the  canals,  are  sometimes  found  numbers  of  round 
cells.  They  do  not  readily  take  up  hsematoxylin,  at  least  I  have  not 
often  been  enabled  to  find  them  by  means  of  that  stain,  but  they  readily 
absorb  the  litmus  colour.  When  examined  by  a  quarter  they  appear 
like  round  free  nuclei ;  but  if  examined  very  carefully,  or  with  a  sixteenth, 
they  are  seen  to  have  a  thin  layer  of  uncoloured  protoplasm  round  them. 
They  are  in  fact  cells  (or  nuclei)  in  which  the  nucleus  (or  nucleolus)  is 
disproportionately  large  for  its  envelope :  they  are  not  constant.  In 
some  cords,  especially  when  removed  from  large  children,  they  are  found 
very  scantily;  whilst  in  the  cord  of  a  small  eight  months'  child 
(Plate  12.  ^g,  9)  I  found  them  to  be  extremely  abundant.  They  are  also, 
as  in  this  instance,  found  far  more  numerous  in  some  parts  of  the  cord 
than  in  others,  and  in  one  district  of  the  cord  than  in  another.  They  are 
most  abundant  close  to  the  umbilicus,  and  in  the  districts  in  which  the 
capillaries  are  seen.  They  are  certainly  free  in  the  alveoli ;  for  I  have 
seen  them  wandering  and  exhibiting  amoeboid  movements  on  the  warm 
stage,  after  having  taken  up  the  litmus  colour.  I  have  never  seen  the 
lacunar  nuclei  exhibit  any  movements,  nor  have  I  ever  seen  any  appear- 
ance as  if  they  multiplied  by  division.  These  round  cells  may  not  be 
confined  to  the  alveoli,  however,  as  they  seem  scattered  over  the  tissue 
in  the  uninjected  cord.  In  the  injected-  cord  I  have  seen  them  in  the 
alveoli  only.  In  sections  taken  near  the  umbilicus  they  are  seen  to  be 
most  numerous  in  the  vicinity  of  a  small  capillary  which  ran  up  the 
cord  certainly  to  as  far  as  half  an  inch  from  the  ring.  Here  they  are 
also  seen  to  be  of  larger  size  than  elsewhere  (Plate  12.  fig.  11),  and  to  ap- 
pear close  to  the  mass  of  blood-corpuscles  which,  as  a  clot,  occlude  this 
capillary.  My  inference  is  that  they  originate  in  this  neighbourhood 
(to  be  afterwards  more  carefully  described)  and  migrate  throughout  the 
cord.  They  do  not  ever  appear  as  if  they  multiplied  by  division.  The 
waUs  of  this  small  vessel  had  no  muscular  fibre,  but  seemed  to  be  formed 
merely  by  a  condensation  of  the  canalicular  tissue. 
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Koster  regards  these  two  forms  of  cells'as  the  same,  and  differing  only 
in  position.  But  he  has  evidently  neither  applied  high  powers  no.* 
delicate  stains  to  them,  so  as  to  discover  the  presence  of  a  nudeoliis  in 
one  and  its  absence  in  the  other.  The  different  actions  on  them  of  litmus 
and  haematoxylin  seem  very  decisive  as  to  their  being  different  structures, 
and  probably  having  different  functions.  They  are  also  quite  difEerent 
in  size  and  appearance. 

Koster  states  that  he  has  seen  the  nuclei  of  the  lacune  s^id  fine  shoots 
into  the  branching  canals.  This  is  only  an  optical  delusion,  whidi  is 
dispelled  by  the  use  of  the  high  power  immersion-lens. 

I  conclude,  therefore,  that  the  proper  tissue  of  the  cord  is  entirely 
canalicular.  How  the  canals  are  formed,  and  what  relation  their  nuclei 
have  to  their  growth  and  nutrition,  has  yet  to  be  determined.  It  is,  of 
course,  more  than  probable  that  the  explanation  of  the  growth  of  tiie 
stellate  corpuscles  advanced  by  Virchow,  Aeby,  and  Eberth  is  applicable 
to  the  lacunar  canals  ;  that  is,  that  they  are  the  result  of  cell  modifica- 
tion, the  body  of  the  corpuscle  expanding  into  a  membrane  for  the 
formation  of  the  lacuna  and  its  processes,  whilst  the  nucleus  remains 
for  nutritive  reproduction.  This,  however,  I  am  not  yet  prepared  to 
accept,  but  it  might  explain  one  function  of  the  round  ceUs. 

Koster  speaks  of  having  seen  "  in  silver-stained  sections  irregular  or 
interrupted  lines  showing  through  the  white  canals,  which  remind  us  of 
the  luting  substance  between  two  epithelial  cells ; "  but  I  have  not  been 
fortunate  enough  to  have  seen  any  of  these  lines, 

I  agree  with  Koster  that  it  is  probable  that  the  canals  communicate 
directly  with  the  amniotic  cavity  by  means  of  the  stomata ;  but,  beyond 
having  satisfied  myself  that  the  stomata  lead  directly  into  the  layer  of 
canals  immediately  under  the  epithelium,  I  cannot  say  I  have  traced  the 
continuity.  I  believe  the  minute  streams  of  injection-fluid,  which  both 
Koster  and  I  have  seen  flowing  from  the  surface  of  the  injected  cord, 
have  come  from  the  stomata,  but  I  have  not  yet  caught  the  &ot  in  a 
section.    Koster  makes  a  similar  confession. 

In  one  point  I  am  in  disagreement  with  all  observers  with  whose  work 
I  am  acquainted,  in  that  I  am  certain  that  the  nuclei  of  the  laeunse  ue 
not  loose  in  the  cavities  but  are  adherent  to  the  \i'all  at  one  point.  The 
double  method  of  injection  and  staining  proves  this  conclusively. 

By  no  kind  of  process  which  I  have  employed,  in  quite  a  large  number 
of  observations,  have  I  been  able  to  discover  any  thing  in  the  least  degree 
resembling  a  ner\'e-fibre  in  the  substance  of  the  cord  j  and  I  have  failed 
to  substantiate  Kolliker  s  observation  of  the  entrance  into  it  of  branches 
from  the  hepatic  plexus. 

When  one  of  the  columns  of  the  cord  is  injected  the  canals  will  be 
seen,  as  I  have  already  said,  to  run  up  to  the  muscular  walls  of  the 
blood-vessel  of  the  column,  but  I  have  never  seen  a  canal  Miter  the  mus- 
cular tissue. 
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Ifc  is  then  quite  easy  to  discriminate  between  the  canalicular  and 
muscular  tissue ;  but  in  the  unprepared,  or  in  the  stained  section,  it  is 
impossible  to  decide  where  exactly  the  muscular  fibre  begins,  especially 
if  the  blood-yessel  has  been  distended,  for  then  the  layers  of  canalicular 
tissue  immediately  outside  the  blood-yessel  are  stretched  so  as  to  be 
parallel  in  direction  to  the  general  course  of  the  muscular  fibres.  It 
-will  be  seen,  therefore,  that  the  whole  column  of  the  cord  constitutes  the 
external  coat  of  the  blood-yessel,  and  also  the  substitute  for  the  vasa 
vasorum  which  are  seen  in  other  arteries. 

I  haye  already  described  an  arrangement  of  blood-yessels  at  the  root 
of  the  cord  when  speaking  of  its  method  of  growth,  but  something  more 
must  here  be  said  on  this  point.  When  the  nozzle  of  the  syringe  is  tied 
into  the  still  attached  cord  an  inch  or  two  from  the  footal  insertion,  with 
the  stream  towards  the  foetus,  the  injection  is  made  to  travel  with  some 
difficulty,  and  it  is  always  found  to  terminate  in  a  sort  of  cone  outside 
the  blood-yessel,  the  apex  of  which  is  just  within  the  dermal  ring  (Plate  12, 
fig.  13).  At  this  point  it  seems  impossible  to  get  the  injection  to  trayel 
round  the  blood-yessel  as  it  does  elsewhere  in  the  cord — that  is,  I  haye 
failed  to  get  it  to  enter  the  subcutaneous  tissue  on  the  other  side  of  the 
omphalic  ring;  and,  as  will  be  seen  in  the  same  specimen,  I  haye  been 
equally  imable  to  get  it  to  trayel  from  the  subcutaneous  tissue  into  the 
substance  of  the  cord  eyen  under  so  great  a  pressure  as  500  millims. 

When  the  extreme  apex  of  the  cone  obtained  by  injecting  the  substance 
of  the  cord  near  the  ring  is  examined  by  sufficient  power,  it  will  be  seen 
that  the  injected  canals  (Plate  12.  fig.  14)  run  up  to  and  border  immediately 
upon  the  nucleated  fibrous  and  muscular  tissue  which  constitutes  the 
omphalic  ring.  I  haye  failed  to  inject  any  capillaries  from  the  tissue  in 
this  way. 

It  is  clear,  then,  that  there  must  be  some  special  arrangement  for  the 
nutritive  supply  of  the  substance  of  the  cord,  as  it  does  not  obtain  any 
assistance  from  the  umbilical  vessels;  and  mere  stomatic  absorption, 
though  I  think  it  undoubtedly  plays  a  most  important  part  in  the 
nutrition  of  the  cord,  could  hardly  be  considered  as  sufficient  to  do  the 
whole  work. 

When  the  capillary  plexus  running  from  the  dermal  ring  (already 
described)  has  been  successfully  injected,  I  have  foimd  that  a  peculiar 
vascular  arrangement  is  also  displayed  in  the  centre  of  the  cord,  lying  in 
the  firm  nucleated  tissue  which  forms  the  omphalic  ring,  and  to  which  is 
due  unquestionably  not  only  the  process  of  growth  of  the  cord,  but  also 
in  great  measure  its  nutrition  and  the  processes  of  closure  of  the  vessels 
of  the  ring,  and  the  removal  of  the  stump  by  inflammatory  ulceration. 

The  basis  of  this  arrangement  is  a  pecidiar  sacculated  sinus,  a  mere 
excavation  in  the  fibrous  tissue,  as  I  have  been  quite  unable  to  demon- 
strate any  definite  wall  for  it.  It  seems  to  have  a  spiral  arrangement ; 
for  in  section  (Pkte  13.  fig.  15)  it  appears  and  disappears  as  only  a  screw 
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t-oTild-  It  extends  from  tho  omphaUe  riii^  ul  lea^t  12  mtUirn^.  up  into 
the  true  substftnce  o£  tho  cord,  ^ving  off  at  short  intervals  tliick  truiika 
which  rapidly  break  up  into  capillaries.  Nowhere  in  this  peculiar  vai- 
cular  armugement  of  the  cordj  either  central  or  superficial,  havi?  ]  sw-n 
the  capUkriea  turn  up  in  lof*p»  as  if  to  go  back*  They  opon,  ua  1  have 
Been  iu  iTiTuimerable  iiistauci>8,  directly  into  the  canalicular  system  ;  and 
it  is  possible  to  inject  a  large  ext-t^nt  of  all  the§e  difttricts  t>f  the  nnl^- 
slanco  of  the  cord  by  placinc^  a  nozzle  in  the  vein  and  firat  injecting  the 
fcptus.  After  that  has  been  aecouipli.shed,  I  he  capillaries,  antl  ntially  i\w 
canalicukr  tissue  of  the  eort^  can  be  seen  filling.  In  one  section  (Plate 
13.  fig*  15)  the  capillaries  were  neen  opening  into  a  limited  district  of  the 
canalicular  tissue,  which  evidently  wits  somewhere  ne^r  the  apex  of  iU 
oone, 

^e  injected  tijiaue  was  in  immediate  relation  to  tho  ^b1!s  of  an 
artery  and  of  a  vein.  I  believe  that  under  favourable  circumstanix^s  1 
may  yet  succeied  in  this  way  in  iujetling  the  whole  substance  of  tie 
cord. 

The  point  of  origin  of  this  sinus  I  have  as  yet  failed  to  work  otit ;  but 
I  conclude  it  comes  from  the  uitercoato-lumbar  arteriei*,  as  the  injection 
of  the  cord  does  not  appear  until  the  skin  of  the  abdomen  is  perfectly 
blue. 

The  superficial  layer  of  capillaries  may  also  be  seen  entering  the  cana- 
licular tissue  of  the  cord.  They  lie  immediately  under  the  surface  of 
the  cord. 

It  is  quite  evident  that  the  analogy  between  this  capillary  supply  for 
the  cord  and  the  Haversian  system  of  canals  in  bone  is  complete.  The 
Haversian  canals  admit  red  corpuscles,  but  the  stellate  lacuna)  admit 
only  liquor  sanguinis.  So  it  is  with  this  nutrient  arrangement  of  the 
cord ;  and  not  only  is  the  function  of  the  stellate  canals  of  the  cord 
identical  with  that  of  the  lacunaB  and  canaliculi  of  bone,  but  their 
anatomy  is  the  same  minus  the  deposit  of  the  salts  of  lime  which  occupy 
the  alveoli.  In  the  cord  the  place  of  the  salts  of  lime  is  occupied  by 
water  containing  some  organic  compounds. 

In  one  cord  I  found  a  capillary  extending  nearly  an  inch  from  the 
omphalic  structures,  and  which,  when  its  surrounding  and  concentric 
layers  of  nucleated  canak  were  stained  with  haematoxylin,  very  closely 
resembled  an  Haversian  system  (Plate  13.  fig.  16).  This  is  probably  the 
continuation  of  the  central  sinus,  as  it  does  not  appear  to  have  a  definite 
wall,  and  it  lay  about  the  middle  of  the  section. 

As  yet  I  have  not  been  able  to  demonstrate  this  vascular  mechanism 
in  any  but  perfectly  fresh  and  mature  children,  because  the  friction  to 
be  overcome  in  order  to  make  the  injection  pass  round  the  front  walls  of 
the  abdomen  is  so  great  that  it  requires  a  greater  pressure  than  the 
liver  will  stand  in  immature  children,  which  generally  have  been  dead 
BOme  time  before  they  are  injected.  ^         i 
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IV.  Its  VesseU. 

In  all  previous  descriptions  it  seems  to  have  been  taken  for  granted 
that  the  umbilical  vein  and  arteries  are  identical  with  blood-vessels  else- 
where ;  but  I  have  already  pointed  out  some  important  differences,  and 
I  have  now  to  describe  some  others. 

When  the  arteries  and  vein  of  a  cord  which  has  been  removed  from 
a  mature  and  living  child  are  examined,  the  arteries  are  found  con- 
tracted to  a  very  small  size,  and  the  vein  is  also  found  to  be  much  con- 
tracted. The  introduction  of  a  tapering  probe  into  the  canal  of  an 
artery  or  of  a  vein  shows  that  it  can  be  readily  dilated ;  and  the  forcible 
distention  of  the  whole  tube  with  water  may  be  made  to  enlarge  the 
diameter  of  the  tube  as  much  as  four  or  five  times.  In  the  vein  the 
possible  distention  is  even  greater;  but  in  both  there  is  a  limit  to  it,  and 
the  walls  are  so  strong  that  they  resist  a  pressure  of  800  millims.  The 
distention  is  quite  equable,  and  never  presents  any  sacculations. 

The  proper  tissue  of  the  vessel  is  made  up  of  the  ordinary  fusiform 
fibre-cells  with  their  characteristic  rod-shaped  oval  nuclei,  the  external 
coat  being,  as  I  have  already  shown,  the  canalicular  tissue  of  the  district 
proper  to  each  blood-vessel.  To  the  arteries  there  is  certainly  no  inner 
or  endothelial  coat,  though  when  the  vessel  is  contracted,  the  inner  fibres 
being  pressed  into  folds  by  the  contractions  of  the  outer  layers,  their 
nuclei  present  at  the  apex  of  the  fold  a  very  deceptive  appearance  (Plate  14. 
Bg.  25).  Staining  with  silver  or  hasmatoxylin,  however,  gives  the  most 
decided  indications  of  the  absence  of  endothelium  in  the  arteries,  but  in 
the  vein  it  is  probably  present. 

When  a  section  is  made  of  a  fresh  cord,  removed  from  a  mature  and 
living  child,  in  which  one  artery  has  been  distended  and  the  other  left 
untouched,  it  will  be  seen  that  the  contraction  produces  an  arrangement 
of  folds  somewhat  resembling  what  takes  place  in  the  closure  of  the 
cBsophagus.  The  inner  layers  contract;  but  the  outer  layers  seem  to 
contract  still  more,  so  that  the  internal  fibres  become  bent  on  themselves 
and  form  rugose  prominences,  which  almost  meet  in  the  middle  of  the 
lumen  of  the  tube  (Plate  13.  fig.  20)  In  the  vein  the  muscular  wall  is 
much  thinner,  and  this  folding  of  the  inner  walls  is  not  seen. 

This  does  not  take  place  in  any  other  artery  which  I  have  examiued 
for  the  purpose;  at  least,  if  it  does  so  it  becomes  undone  after  death;  but 
I  did  not  find  it  in  the  carotid  of  a  guineapig  divided  and  examined 
immediately  after  death. 

This  extraordinary  power  of  contraction  of  the  umbilical  artery  is  due 
to  three  conditions — the  exceptional  thickness  of  the  muscular  layer,  the 
absence  of  any  restraint  by  a  firm  external  or  any  internal  coat,  and  a 
peculiar  arrangement  of  the  external  bundles  of  muscular  fibres. 

In  the  distended  artery,  examined  after  the  addition  of  acetic  acid,  or 
after  treatment  by  hoDmatoxylin  or  silver  lactate,  the  rod-shaped  nuclei 
are  seen  *o  lie  all  in  parallel  directions,  which  are  concentric  with  the 
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lumen  of  the  tube.  In  the  contracted  artery  it  is  different.  The  fibres 
are  seen  distinctly  to  be  arranged  in  bundles,  and  these  bundles  haTe 
different  directions.  Some  are  seen  to  be  cut  across,  whilst  others  can 
be  traced  passing  downwards  through  the  section  and  ending  on  the 
lower  surface.  When  a  very  thin  section  is  made,  stained,  dri^  on  the 
slide,  and  mounted  in  balsam  or  dammar,  here  and  there  two  layers  of 
bundles  are  seen,  one  immediately  above  the  other,  crossing  one  anotiier 
like  the  limbs  of  St,  Andrew's  cross.  Again,  two  sets  of  bundles  may 
seem  to  be  arranged  like  the  webs  on  the  shaft  of  a  feather ;  longitudinal 
sections  show  this  still  better.  Prolonged  exposure  to  the  action  of 
acetic  acid  shows,  in  a  longitudinal  section  of  an  artery,  that  the  muscu- 
lar fibres  are  arranged  in  bundles,  the  directions  of  which  occupy  a 
double  spiral  (Plate  13.  fig.  17),  somewhat  like  that  carefully  described  by 
Dr.  Bell  Pettigrew  as  being  the  arrangement  of  the  fibres  of  the  heart. 
Silver-staining  also  demonstrates  this.  I  have  made  a  diagram  of  this 
arrangement  (Plate  13.  fig..  18),  and  it  may  be  fairly  well  illustrated  by  the 
way  in  which  a  ball  of  twine  is  cast  on  the  spindle.  If  the  hole  through 
which  the  spindle  has  been  passed  be  supposed  to  represent  the  lumen  of 
the  artery,  a  distention  of  that  aperture  would,  if  the  string  were  elastic 
as  the  fusiform  fibres  are,  drag  the  string  into  a  uniform  direction  con- 
centric with  the  hole.  There  can  be  no  doubt  that  such  an  arrangement, 
especially  in  the  external  bundles,  where  it  seems  to  be  most  marked, 
would  be  of  great  mechanical  advantage  in  the  closure  of  the  vessels. 

One  makroscopic  fact  is  certainly  in  support  of  this  view,  which  is 
that  the  length  of  an  artery  in  the  umbilical  cord  is  very  perceptibly 
diminished  after  its  distention. 

It  remains  a  very  interesting  point  to  consider  whether  this  spiral 
arrangement  will  not  be  found  to  exist  in  other  arteries  as  well  as  in 
those  of  the  umbilical  cord.  Dr.  Beale  figures  it  as  occurring  in  the 
longitudinal  fibres  of  the  aorta  of  the  horse. 

In  support  of  my  statement  that  there  is  no  endothelium  in  the 
arteries  of  the  cord  I  may  detail  the  foUowing  observations. 

In  the  case  of  the  vein  silver-staining  reveals  no  difference  in  the 
arrangement  of  the  inner  surface  before  and  after  distention  with  air, 
and  the  appearances  are  very  much  the  same  as  is  seen  in  the  endothe- 
lium of  other  vessels.  But  in  the  arteries,  if  the  inner  surface  be  sjlver- 
stained  before  distention,  the  brown  lines  will  be  found  to  include  long 
fusiform  spaces  very  different  from  those  seen  enclosing  endothelium 
elsewhere  (Plate  14.  fig.  26) ;  and  if  the  same  artery  bo  distended  with  air 
and  then  stained,  the  fine  brown  lines  will  be  found  to  be  replaced  by 
thick  and  much  less  regular  brown  interspaces  (Plate  14.  fig.  26).  There, 
it  appears  to  me,  the  fusiform  cells  are  elongated  to  their  utmost  and 
somewhat  separated;  and  the  appearances  are  inconsistent  with  my 
experience  of  vessels  elsewhere  lined  with  endothelium,  and  they  are 
quite  consistent  with  the  appearances  noted  after  the  treatment  of  trans- 
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Terse  seotdons  of  the  umbilical  arteries,  dL^tended  and  undistended,  with 
Tegetable-colour  stains. 

I  have  already  stated  that  I  have  failed  to  find  any  trace  of  nerve- 
fibres  in  any  part  of  the  cord.  By  what  mechanism,  then,  dan  this 
process  of  contraction  be  set  going  ?  It  seems  to  me  that  the  answer  is 
readily  found  in  three  facts.  First,  there  is  no  endothelium  in  the 
umbilical  arteries,  and  the  muscular  fibres  are  therefore  directly  in  con- 
tact with  the  blood  which  fiows  in  them,  that  blood  being  venous  as  long 
as  the  placental  circulation  continues  *.  Second,  it  has  now  been  well 
established,  by  Dr.  Eichard  Norris  and  others,  that  contractility  exists 
in  muscle  itself,  and  that  nerve-influence  is  only  its  regulator,  its  exciter, 
or  even  its  controller.  Muscles  depend  most  for  their  contractiUty  on 
the  contact  of  arterial  blood.  Thirdly,  in  the  infant  this  happens  to  the 
muscular  fibre  of  the  umbilical  arteries  with  the  first  few  respirations. 
The  blood  in  them  up  till  that  time  has  been  venous,  and  suddenly 
becoming  arterial,  it  throws  them  into  violent  contraction.  By  the  ces- 
sation of  the  supply  of  arterial  blood  they  may  again  dilate;  for  Simpson, 
in  his  collected  memoirs  (posthumous  edition,  vol.  i.  p.  228),  says,  "  It  is 
generally  acknowledged  by  physiologists,  as  the  result  of  various  observa- 
tions, that  immediately  after  the  child  is  bom  the  umbilical  vessels  cease 
to  pulsate  and  carry  blood  if  the  pulmonary  respiration  becomes  active, 
and  if  the  pulmonary  respiration  is  by  any  cause  interrupted  or  arrested 
before  the  cord  is  divided,  the  circulation  through  the  umbilical  vessels 
again  becomes  more  or  less  active.  Hence  various  practitioners  have 
gone  so  &r  as  to  aver  that  it  is  unnecessary,  as  a  general  mle,  to  place 
a  ligature  upon  the  foetal  extremity  of  the  cut  umbilical  cord  if  the  cord 
be  not  cut  till  the  child  has  cried  loudly." 

This  I  have  repeatedly  verified  by  experiment.  By  refraining  from 
dividing  the  cord  for  a  few  minutes  after  the  child  is  bom,  some  very 
interesting  observations  can  be  made.  If  the  child  do  not  cry  at  once, 
and  the  placenta  be  left  in  situ^  the  arteries  of  the  cord  may  be  felt  to 
pulsate  strongly.  If  the  child  cries  freely,  they  at  once  cease  to  beat  and 
contract  to  firm  threads,  being  felt  through  the  flabby  cord  almost  like 
cartilage.  Should  the  child's  respiration  cease  for  a  few  moments  they 
again  relax  and  pulsate,  and  contract  once  more  when  the  child  cries. 
When  the  possibility  of  the  circulation  through  the  cord  is  arrested  by 
the  application  of  a  ligature  its  stump  soon  ceases  to  give  any  indication 
of  pulsation,  because  only  arterial  blood  can  then  pass  into  it.  The  con- 
traction and  subsequent  obliteration  of  the  hypogastric  arteries  take  place 

♦  The  artorialization  of  the  blood  in  the  capillariei,  especiaUy  of  the  central  veins 
of  the  oord,  may  also  have  muoh  to  do  in  exciting  the  contraction  of  the  arterial  coats. 
It  may  also  be  from  this  central  sinus  that  this  peculiar  form  of  hsBmorrhage  occurs, 
which  is  sometimes  seen  after  the  separation  of  the  stump. 

This  hemorrhage  is  passive  but  arterial,  and  is  seldom  controlled  by  any  ordinary 
haemostatic  agency.  The  absence  of  muscular  walls  from  this  sinus  seems  to  explain 
some  of  the  fbcts  of  this  hsemoirbage. 
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in  exactly  similar  ways ;  indeed  my  observations  were  first  made  in  these 
arteries  and  were  subsequently  extended  to  the  cord. 

The  permanent  closure  of  these  vessels  and  of  the  stump  of  the  cord 
is  accomplished  partially  by  clot,  but  chiefly  by  the  aid  of  the  round 
wandering  cells  previously  described.  They  also  play  a  very  important 
part  in  what  is  an  cxtrt»mely  common  cause  of  premature  death  and 
expulsion  of  the  f(i»tu8.  My  conclusions  are  based  upon  the  examination 
of  the  omphalic  structures  of  several  children  who  have  died  within 
thirty-six  hoiu^s  after  birth,  but  chiefly  on  t\io  cases  of  omphalic  throm- 
bosis. 

It  seems  that  immediately  the  arteries  of  the  cord  have  contracted 
and  the  inner  layers  have  been  pressed  into  the  folds  already  described 
(Plate  13.  fig.  20),  the  remaining  interval  is  filled  uith  blood  which 
coagulates.  In  the  stump  of  a  cord  which  had  belonged  to  a  child 
which  lived  only  a  few  hours,  I  found  the  tissue  of  all  the  vessels 
l)ermeated  N^ith  the  large  round  nucleated  cells,  and  a  few  had  oven 
entored  the  mass  of  blood-corpuscles.  "Where  the  clot  was  not  present 
these  cells  seemed  (o  become  adherent  by  a  granular  blastema  to  the 
inner  surface  of  the  wall,  and  to  t«nd  to  arrange  themselves  in  processes 
on  the  apices  of  the  folds  (Plato  14.  i\<r.  22).  It  is  doubtless  thruu*ih 
tlio  agency  of  these  cells  niainly  that  the  vessels  are  closed.  1  have  s»v'n 
coin[)lete  clo^un'  willn)ut  any  tmce  of  a  clot:  and  in  such  a  case  ihe.s*' 
cells  alone  nui>t  efl'ecl  th<»  ])rocess.  In  a  case  wIktc  the  child  ha<l  lived 
al»out  two  days,  and  the  cord  was  partly  desiccated,  the  internal  layer  uf 
lauscular  lihre^  of  the  arteries  had  in  great  part  disappeared,  leaving 
lacunar  sj)aces,  wliich  were  occupied  by  the  large  cells,  and  a  complete 
layer  of  th.Mu  i-\i>tiHl  between  the  muscular  coat  and  the  clot. 

This  wa^  mnn'  and  more  evident  as  the  sections  neared  the  child.  Tl\t» 
ai)pearances  of  this  retrograde  change  (Plate  14.  fig.  2'^)  at  some  parts  of 
this  cord  were  ^o  curious  as  to  become  almost  suggestive  that  the  mus- 
cular (]l)re  and  the  nucleated  canalicular  tissue  are  dtjveloped  from  th«' 
same  cells,  that  they  are  a  more  modiiication  of  the  same  tissue.  Some 
ol'  the  cells  mentioned  as  hing  in  the  retrograde  lacuna*  of  Ihe  inner 
layer  of  tin'  inuseular  fil)n\s  of  the  artery  possessed  the  same  peculiar 
small  nucleolus  as  is  seen  in  the  nuclei  of  Ihe  canals.  These  cells  an.> 
al>o  seen  a])parcntly  passing  through  amongst  the  outer  layers  of  the 
arterial  coat. 

In  a  ca<i'  \\here  a  dead  child  was  expelhnl  at  the  eighth  month, 
clots  were  found  to  occupy  the  arteries  from  the  base  of  the  bladder 
to  within  a  short  distance  of  the  cord  ;  and  in  this  cord  (Plate  12.  fig. 9).^ 
the  round  cells  were  abundant,  throughout  the  cord,  and  were  especiall;  "' 
inimeroits  iu  the  meshes  of  the  muscular  tissues  of  the  arteries.  Rouii'" 
the  clut  was  a  complete  ring  of  these  cells,  apparr^ntly  intimately  as*  ^ 
ciat.'d  with  it :  and  a  few  of  the  cells  could  even  Ix'  seen  isolated  amor 
the  blood-corj)uscles,  though  this  appearance  mav  be  due  merelv  to  the 
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dislodgement  during  the  process  of  preparation  of  the  section  (Plate  12. 

fig.  11)- 

Further  proofs  that  these  wandering  cells  are  very  efficient  in  the 
Taiious  processes  of  the  cord  and  an  indication  of  the  source  of  their 
origin  are  obtained  by  the  examination  of  the  cords  in  cases  of  extra- 
uterine gestation.  I  have  operated  in  two  such  cases,  remo\'ing  chil- 
dren which  were  quite  fresh,  one  having  been  dead  probably  from  six  to 
ten  days,  and  the  other  about  three  months.  In  both  cases  the  cords 
were  unaltered,  save  that  in  the  second  it  seemed  to  be  somewhat 
shrivelled.  In  the  first  case  it  was  full  and  plump;  but  the  vessels 
were  uncontracted  and  unclosed,  and  there  were  no  indications  of  any 
wandering  cells  anywhere,  though  the  canalicular  nuclei  were  easily  dis- 
played. The  appearances  in  the  second  were  somewhat  similar,  with  the 
addition  that  the  canalicular  tissue  was  contracted,  just  as  it  becomes 
when  the  cord  is  examined  after  maceration  in  some  hardening  fluid. 
The  canalicular  nuclei  were  not  easily  shown,  and  appeared  only  here 
and  there. 

In  such  displacement  the  child  seems  to  die  of  asphyxia,  from  the 
doeure  of  some  part  of  the  canals  of  the  mechanism  by  which  the 
blood  is  oxygenated,  and  which  \nll  probably  be  found  to  occur  in  the 
placenta.  The  foetal  circulation  ceasing,  we  have  an  arrest  of  the  pro- 
duction of  the  wandering  cells  by  the  omphalic  capillaries  ;  and  conse- 
quently they  are  absent  from  the  tissue 
attempt  to  close  the  vessels*  ^^  lA^^^^^^V^^^^iV 

The  fact  that  thrombosis  -  ^  ^3^^P^KTg^^^  ^  a 

mote  fmiaently  th^  ti..  I'^l^'ilS^^  ,.a«t  e^^  f't, 
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gitat.forit  it  t\t11  ha  found  impoeaible  to  force?  the  fluid  mfro  fHe  eubntjaici 
of  the  plftt-euta*  It  i^  limited  bj  a  mcmbrajic,  derived  frutn  tbe  itiuflr 
layer  of  the  ehorioa,  into  which  the  artertea  pMs  to  be  inr}uded  b^tw^eii 
two  Jftvers  of  it,  and  from  Ijctweeii  which  two  Uyers  the  mrb*  etnrrgfr, 
Tfiis  tnembniTie  it  very  toagh  :  and  if  extreme  pmsfluro  bo  used  tUi*  tluid 
will  bi?  fouud  t<"  paas  under  the  ligature  and  dowri  the  column  t*  hirb  is 
being  injected,  or  by  rupture  into  oue  of  the  other  col  urn  ua^  Imt  uefer, 
fteeordiunj  to  my  experiments,  can  4t  be  madt;  to  pass  through  that  ini^- 
bratie.  There  is  absolutely  no  rount?rion.  therefore,  between  tho  outri- 
tive  system  of  tho  cord  nnd  thitt  of  the  plart^nta* 

The  Amnion  'w  loosely  attached  over  tho  placenta  bj  some  eelliilir 
tissue,  which  Arthur  Farro  dos^^HlK^s  m  the  htnien  m^ia.  But  the 
amnion  becomes  adhere  at  to  the  cord  a  few  lines  on  the  Ftptal  Bid^  of  ti* 
baais  membraue  of  the  placenta* 

The  relatioDS  of  this  attarbment  have  yi^t  to  be  uiade  out. 

From  what  I  have  already  said  it  will  be  appnrrnt  that  I  Pigari  tb 
chief  factor  in  the  nutrition  of  the  eord  to  bt*  Ihfc  capiUsiry  nrmiigeiiiintl 
at  its  fffital  inaertionp  at  which  point  the  cord  groww  and  obtaicB  its 
spiral  form,  and  from  which  al.«io  it  derives  its  supply  of  wandering  c^lk 
From  the  fa^t^  Jii^i^^d  lu,  cases  of  extrn-utcrino  gestation,  however,  it 
haa  seemed  to  mo  to  be  likely  thut  tho  etomata  on  the  epithelial  surf  ice 
of  the  eord  also  play  an  important  part  in  its  nutrition >     The  Bquor 
amnii  contains  casein,  creatin,  laetie  acid,  grape-sugar,  and  somt^  suliiit     | 
niatt<?r,  all  of  which  are  very  suggestive  that  tho  fluid  is  used  for  Ite 
piiqiosp^  of  nutrition,   atid  perhaps  for  tliat  of  the   cord.     h\   ro<^iii     i 
castas  uj.  tJAiin-utcixiit?  ia;tiiiioii,  bt^ftiitj  lliti  iiquor  arnmi  l>bv<puies  ausurb^f     ' 
the  cord  remains  fresh  and  plump.    After  the  liquor  amnuf-Jias  become 
absorbed  it  becomes  shrivelled,  but  still  retains  its  stnicturaT  character 
minus  the  wandering  cells.     It  may  be,  therefore,  that  the  cajiic^licalir 
nuclei  may  be  able  to  keep  the  cord  in  repair,  as  it  were,  by  the  mitten 
absorbed  from  the  liquor  amnii,  until  that  fluid  disappears,  very  mucsh  ts 
ivy  continues  to  live  after  its  connexion  with  the  root  has  been  severed. 
Indeed  the  resemblance  between  the  umbilical  cord  and  vegetable  tissue 
is  a  very  close  one,  as  I  have  previously  indicated,  and  as  I  may  in  future 
communications  be  able  to  make  still  more  clear. 


Appendix. — Received  June  14,  1875. 

Since  the  preceding  note  was  written,  I  have  been  able  completely 
to  verify  Virchow's  depiction  of  the  arrangement  of  capillaries  on  the 
surface  of  the  cord,  in  continuity  with  those  of  the  dermal  ring. 

The  exibtence  of  this  arrangement,  however,  must  be  exceptional,  and 
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is  probably  only  an  early  stage  of  the  more  perfect  plan  already  de- 
scribed, for  I  have  only  found  it  in  this  one  case. 

The  foetus  in  which  the  observation  was  made  was  a  large  one,  but 
not  fully  developed,  having  probably  not  reached  within  six  weeks  of 
maturity.  The  injection  was  very  successful,  and  was  made  under  a  pres- 
sure of  otily  100  millims.,  and  the  plexus  of  vessels  was  seen  to  extend 
about  5  millims.  over  the  venous  surface  of  the  cord  (Plate  13.  fig.  21,6). 
But  on  examining  the  vessels  with  a  power  of  thirty  diameters,  it  is  readily 
seen  that  these  capillaries  did  not  return  in  loops,  but  seemed  to  be  lost 
in  the  substance  of  the  cord— contrasting  in  this  relation  very  markedly 
with  the  capillaries  of  the  dermal  ring,  from  a  large  trunk  of  which 
they  arose.  These  latter  are  arranged  in  loops  for  the  return  of  the 
circulation,  as  is  the  case  with  capillaries  almost  everywhere  else ;  but 
those  in  the  cord  have  an  arrangement  more  like  that  of  the  branches 
of  a  tree.  Further,  it  is  noticeable  that  the  capillaries  spreading  over 
the  surface  of  the  cord  may  be  seen  to  arise  by  the  aggregation  of 
smaller  roots,  just  as  I  have  pointed  out  to  be  the  case  in  the  forma- 
tion of  the  central  sinus  of  the  cord  (Plate  13.  fig.  21,  a). 

None  of  the  canalicular  tissue  of  the  cord  could  be  seen  to  have  been 
injected  from  these  capillaries;  but  the  pressure  used  was  too  low  to 
accomplish  that,  as  the  injection  had  to  be  made  for  another  purpose. 

The  umbilical  cord  in  this  case  had  been  cut  off  about  60  millims. 
from  the  dermal  ring,  and  the  injection  as  usual  was  made  from  the 
vein. 

On  making  a  section  of  the  cord  immediately  below  the  ligature  which 
retained  the  injecting  nozzle,  a  small  spot  of  injection  was  seen  in  the 
substance  of  the  cord  lying  close  outside  the  wall  of  the  vein.  This  was 
found  to  be  the  central  sinus  of  the  cord ;  and  on  beiog  carefully  traced 
towards  the  foetus,  it  was  found  to  curve  spirally  close  alongside  the  vein 
and  to  enter  and  pass  through  the  omphalic  canal  in  the  midst  of  the 
three  vessels. 

Throughout  its  course,  examination  by  a  power  of  thirty  diameters 
showed  that  it  gave  off  branches  which  rapidly  broke  up  and  were  lost 
in  the  tissue  of  the  cord. 

Finally,  it  was  found  to  arise  from  several  small  branches,  four  of  which 
at  least  are  preserved  and  are  represented  in  the  drawing  (Plate  13.  fig.  19). 
They  arose  from  the  lower  intercostal  arteries,  and  gathering  together  on 
the  lower  surface  of  the  omphalic  vein,  combined  in  the  omphalic  canal 
to  form  the  sinus. 

From  this  case  it  is  evident  that  this  sinus  at  least  occasionally  passes 
very  far  into  the  cord,  as  the  point  where  it  was  discovered  was  at 
least  45  millims.  from  the  dermal  ring. 

(I  think  it  is  possible  that  the  radicles  of  this  sinus  may  be  what 
KoUiker  described  as  the  nerve-twigs  derived  from  the  hepatic  plexus.) 
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EXPLANATION  OP  THE  PLATES. 


Plate  11. 


Fig.  1.  Median  section  of  oord,  showing  the  dermal  ring  to  extend  further  on  the 
oord  on  the  upper  or  renous  side  than  on  the  lower  (actual  size). 

Fig.  2.  Surface  of  oord  and  dermal  ring,  dissected  off  and  laid  flat,  showing  the  capil- 
laries of  the  former  and  the  camh-like  projection  of  the  latter  (actual  size). 

Fig.  3.  Surface  of  oord,  silyer-stained,  and  epithelium  partly  removed  (  x  1000). 

Fig.  4.  Transrerse  section  of  oord,  showing  one  of  its  three  columns  injected  (  x  120). 

Fig.  5.  Canalicular  tissue  of  cord,  ii\jected  (  X  250). 

Fig.  6.  Ditto,  with  nuclei  stained  (x  200). 

Fig.  7.  Nudei  of  canalicular  tissue,  highly  magnified  (  X  1000). 

Fig.  8.  Ditto,  with  canals  uninjected  (X  2{)0). 

Plate  12. 

Fig.  9.  Bound  wandering  cells  in  alyeoli  (  X  700). 

Fig.  10.  Round  cells,  highly  magnified  (x  1000). 

Fig.  11.  Ditto  in  neighbourhood  of  capillary,  and  some  inrading  the  blood-dot 
(X  1000). 

Fig.  12.  Two  umbilical  arteries,  with  central  sinus  of  cord  lying  near  them  (x  20). 

Fig.  13.  Median  section  of  cord  and  omphalic  structures,  with  canalicular  tissue  (at 
arrow)  ixyected  on  the  one  side  of  the  ring,  and  on  the  other  ihe  sub- 
cutaneous tissue  injected  (actual  size). 

Fig.  14.  Terminal  cone  of  canalicular  tissue,  injected  (X  120). 

Plate  13. 

Fig.  15.  Central  sinus  of  cord,  with  its  branches  and  canalicular  tissue  injected  from 

them(x  20). 
Fig.  16.  Capillary  of  oord,  one  inch  from  dermal  ring,  showing  its  relations  to  the 

lacunar  spaces  and  resemblance  to  HaTersian  system  (  X  200). 
Fig.  17.  Two  layers  of  the  external  coat  of  an  umbilical  artery  (X  200). 
Fig.  18.  Diagram  of  the  same. 
Fig.  19.  Drawing  of  roots  of  origin  and  course  of  central  sinus  of  cord  (by  Mr. 

Priestley  Smitb,  actual  size). 
Fig.  20.  Transverse  section  of  umbilical  artery,  showing  rugw  (  X  20). 
^g.  21.  Capillaries  running  on  to  the  oord  from  the  dermal  ring :  a,  showing  method 

of  origin  (X  3) ;  6,  actual  size. 

Plate  14. 

Fig.  22.  Arrangement  of  wandering  cells  on  rugs  of  contracted  artery  for  dosing  it 

(X  1000). 
Fig.  23.  Betrograde  change  in  muscular  coats  of  arteries  (X  1000). 
Fig.  24.  Endothelium  of  rein,  silver-stained  (X  1000). 
Fig.  26.  Inner  surface  of  contracted  artery,  silver-sUined  ( X  500). 
Pig.  26.  Inner  surface  of  distended  artery,  silver-stained  (X.500). 
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April  6,  1876. 

Dr.  J.  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  f oUowing  Papers  were  read : — 

I.  "Experiments  on  the  Friction  between  Water  and  Air"  By 
Dr.  RiTTER  VON  Lang.  Communicated  by  N.  Story  Maske- 
LYNE,  F.R.S.,  Keeper  of  the  Mineral  Department,  British 
Museum.     Received  February  28,  1876. 

(Abstract.) 

The  method  adopted  for  estimating  the  mutual  friction  of  water  and 
air  consisted  in  connecting  a  glass  tube  of  8  centims.  in  length  and  0*72 
internal  diameter  with  the  pipes  which  supply  Vienna  with  water  at  a 
pressure  of  four  atmospheres.  Arrangements  for  securing  a  vertical 
position  for  the  tube  ensure  a  perfectly  continuous  jet,  devoid  of  any 
broken  surface ;  and  a  glass  tube  surrounding  this  jet,  with  its  axis  coin- 
ciding with  that  of  the  jet,  acts  as  an  aspirator  into  and  along  which  air  is 
drawn  through  a  lateral  feeding-tube.  The  amount  of  this  indrawn  air 
corresponding  to  the  fall  of  a  given  amount  of  water  was  determined  by 
observing  the  rate  at  which  a  film  of  soap  was  borne  along  \he  feeding- 
tube  ;  and  the  velocity  of  the  water  causing  the  indraught  was  calculated 
from  the  diameter  of  the  water  column  and  the  quantity  of  water  dis- 
charged along  it  in  a  given  time ;  but  after  having  once  determined 
the  form  of  the  slightly  conical  water  column,  the  amount  of  water  dis- 
charged was  the  only  datum  required  for  the  calculation. 

The  influence  of  a  greater  or  less  section  of  the  air  feeding-tube  on 
the  volume  of  the  aspirated  air  was  carefully  determined,  while  also  the 
absence  of  any  appreciable  retardation  due  to  the  soap  film  was 
established. 

Neglecting  the  slightly  conical  character  of  the  surface  of  the  water 
column,  and  assuming  (as  the  result  of  experiments  in  which  the  motion 
of  a  smoke  cloud  was  observed)  that  the  movement  of  the  air  was 
throughout  in  lines  parallel  to  the  axis  of  the  tube  along  which  it  flowed, 
and  showing  that  the  pressure  does  not  vary  along  the  length  of  the  tube, 
the  author  proceeds  to  discuss  the  hydrodynamic  equations  expressing 
the  conditions  of  the  problem  (the  motion  of  the  air  being  uniform  and 
independent  of  time),  and  represents  the  volume  of  air  A  passing  through 
the  tube  in  a  second  as  : — 

toL.  xxrv.  2  K 


Digiti 


zed  by  Google 


442  Dr.  J.  Wickham  Legg  on  the  [Apr.  6, 


L2r^(logE-logr)       J' 


W  being  the  weight  of  water,  in  grammes,  discharged  in  a  second,  r  the 
radius  of  the  jet  in  turns  of  the  micrometer-screw  (6-8  turns  of  which 
correspond  to  1  centim.),  R  being  the  radius  of  the  aspirating  tube. 

The  results  obtained  by  observation  accorded  well  with  those  given  by 
this  equation,  so  long  as  the  value  of  E  did  not  exceed  the  limit  within 
which  the  suppositions  regarding  the  motion  of  the  air  hold  good. 

The  question  was  considered  whether  the  results  might  not  be  brought 
into  even  closer  accord  with  theory  by  the  assumption  that  a  slipping 
action  takes  place  between  the  air  and  the  water-jet  on  the  one  hand,  and 
between  the  air  and  the  tube  on  the  other,  instead  of  the  assumption  pre- 
viously made  that  the  air  adhered  alike  to  the  water  and  to  the  tube  in  its 
passage.  The  result  of  the  calculation,  however,  led  to  no  nearer  ap- 
proximation ;  and,  finally,  experiments  with  other  materials  for  the  tube 
and  other  gases  (namely,  coal-gas  and  carbonic  anhydride)  were  made, 
without  resulting  in  any  marked  difierenoe  from  the  resultfi  obtained  with 
air  and  glass. 


II.  "  An  Inquiry  into  the  Cause  of  the  slow  Pulse  in  Jaundice.*' 
By  J.  Wickham  LEGO,M.D.,Demonstratorof  Morbid  Anatomy 
in  St.  Bartholomew's  Hospital.  Communicated  by  J.  Burdon 
Sanderson,  M.D.,  Professor  of  Physiology  in  University  Col- 
lege, London.     Received  February  24th,  1876. 

It. has  loDg  been  known  to  physicians  that  the  pulse  of  patients 
jaundiced  and  free  from  fever  is  often  slow.  But  I  am  not  acquainted 
with  any  definite  investigation  into  this  subject  until  about  thirteen  years 
ago,  when  Eohrig  published  his  researches  upon  the  influence  of  the  bile 
upon  the  heart*.  He  was  the  first  to  find  out  that  the  bile-acids,  not  the 
pigments  nor  the  cholestearin,  had  the  power  to  render  the  pulse  slow. 
He  formed  the  opinion  that  this  slow  pulse  was  caused  by  a  paralysis  of 
the  cardiac  ganglia,  because  the  pulse  became  slow  after  the  injection  of 
the  bile-acids  into  the  jugular  vein,  even  when  the  vagi  had  been  cut, 
and  because  the  heart  of  the  frog,  cut  out  and  plunged  into  a  solution  of 
bile-acids,  beat  a  less  number  of  times  than  when  cut  out  and  immersed 
in  serum. 

The  following  year  Traube  published,  an  altogether  different  ezplaoa- 
tiont.     It  is  well  known  that  the  bile-acids  have  the  power  of  dissolving 

*  '  Arch.  f.  Heilkunde/  1863,  p.  385.  Also  in  an  Inaugural  Diesertation,  "Teber 
den  Einfluss  der  Galle  auf  die  Herzthatigteit,"  Leipzig,  1863. 

t  '  Berliner  klinische  Wochenschrift/  1864,  No.  9  and  15 ;  aUo  in  *  Geeaxnmelte 
Beitr»ge'  (Berlin,  1871),  Bd.  i.  p.  366. 
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the  blood-corpuscles.  If  these  bile-acids,  therefore,  be  injected  into  the 
jugular  yein,  they  destroy  or  injure  the  red  corpuscles  with  which  they 
meet,  and  the  blood  containing  dissolved  red  corpuscles  and  bile-acids  is 
quickly  brought  to  the  left  side  of  the  heart  and  thence  into  the  coronary 
arteries.  This  blood  is  unfit  for  the  exchange  of  oxygen  with  the 
muscular  substance  of  the  heart,  as  the  red  blood-corpusdes  are  so 
much  injured;  and  it  is  to  the  consequent  change  in  the  muscular 
walls  of  the  heart  that  Traube  apparently  attributes  the  slow  pulse  of 
jaundice. 

About  the  same  time  Johannes  Eanke,  in  the  course  of  his  researches 
into  the  phenomena  of  tetanus,  arrived  at  the  conclusion  that  the  bile- 
acids  have  a  pfu^lyzing  action  upon  the  striped  muscular  tissue,  and  that 
it  is  solely  by  the  action  of  these  acids  upon  the  muscular  fibres  of  the 
heart  that  the  slow  pulse  is  caused*.  He  agrees  with  Traube  in  opposi- 
tion to  Eohrig  and  Landoist, 

I  have  repeated  most  of  the  experiments  of  those  who  have  gone  before 
me ;  but  those  only  will  be  detailed  which  seem  to  throw  a  new  light  upon 
the  matter  in  hand. 

The  bile-acids  employed  in  these  researches  were  prepared  from  ox- 
gall by  a  slight  modification  of  the  process  recommended  by  KUhnet. 
I  have  to  thank  my  friend  Dr.  Shuter,  of  Caius  College,  Cambridge, 
Assistant  Demonstrator  of  Physiology  in  St.  Bartholomew's  Hospital, 
for  his  kindness  in  preparing  for  my  use  some  of  the  bile-acids  used  in 
these  experiments.  In  nearly  all  instances  the  bile-acids  were  dissolved 
in  distilled  water,  10  per  cent,  in  strength.  I  should  mention  that  the 
acids  were  not  separated  from  their  combination  with  soda. 

My  first  experiments  were  directed  altogether  to  the  heart  of  the  frog, 
which  lends  itself  readily  to  researches  of  this  kind,  as  it  can  be  separated 
from  its  attachments,  and  its  contractions  kept  up  by  being  fed  with 
serum  by  means  of  an  artificial  circulation.  In  this  way  I  attempted  to 
decide  if  the  slow  pulse  be  due  to  an  excitement  of  the  ends  of  the  vagus 
in  the  heart. 

The  heart  of  a  frog  being  arranged  in  Bowditch's  apparatu8§,  the  fol- 
lowing observations  were  taken : — 

•  Arch.  f.  Anatomie u.  Phyriologie,  1864,  p.  340 ;  alao  in  'Tetanus'  (Leiprig,  1865) 
p.  395. 

t  Landois, '  Beatache  Klinik,*  1863,  no.  46,  p.  449. 

J  Lehrbuch  d.  phya.  Chemie  (Leipzig,  1866),  p.  75. 

§  For  a  description  of  this  apparatus  see  Dr.  Lauder  ISmnton's  •Experimental 
Inveatigation  of  the  Action  of  Medicines,'  London,  1875,  p.  72. 
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Tinifi  Pul-      HeigVilofmirre  Bemiarks.  I 

In  130        31  o'S  ^Hi 

„  32  6  ^^1 

^^38  4  CiiiTca  are  double-topped* 

^  81  6  Atropia  introduced  into  Bi^nim  so  tliat 

it  contained  *028  per  cent. 
30  8  7  Bil^-adds     (serum    containing    1   per 

cent,)  now  introduced. 
Eecorda  in  continuoaa  30  seconds. 
The    puke    now    goe^    in   pairs,   6^5 
betvi"een    each    pair    of   pulsations* 
Between  tbe  pulses  of  cacb  pair  3*^2. 
These  do  not  go  in  pairs,  . 

These  go  in  pairs* 
130      13  12  A   great   change  in  the  character  of 

curves-  Systole  reaches  maxiiuum 
height,  =  0  millims.,  in  l*-5.  They 
•  slowly  sink  J  scarcely  meeting  abscissa 
until  nest  contraction  begins,  Nearly 
all  alike.  One  takes  up  23  millims,, 
others  33  millims, 
,>  12'o  ID  Immediately  after  this  ihe  heart  cCxas^a 

to  beat :  no  contractions  upon  elec- 
trical irritation. 

Four  other  like  experiments  with  the  like  results  were  made  :  in  one 
of  them  the  bile-acids  were  added  to  the  serum  first,  and  the  atropine 
added  afterwards  ;  but  the  same  results  were  attained.  The  slowness 
of  the  pulse  arose  as  before,  and  was  unchanged  by  the  addition  of  the 
atropine.  If  it  be  true,  then,  that  atropine  paralyzes  the  ends  of  the 
vagus  in  the  heart,  it  would  appear  that  the  slow  pidse  is  not  due  to  any 
excitement  of  the  ends  of  these  nerves  in  the  heart.  The  great  height  of 
the  curves  just  before  the  heart  ceased  to  beat  does  not  favour,  either,  the 
belief  that  the  slow  pulse  is  due  to  a  weakening  of  the  muscular  walls. 

In  order  to  test  the  foregoing  experiments,  I  made  further  experiments 
upon  the  irritability  of  the  vagus  in  poisoning  by  the  bile-acids. 

The  heart  and  vagus  of  a  frog  laid  bare.  Heart  beating  12  in  15'. 
The  right  >agus  then  irritated  by  induced  electricity:  the  heart  stood  still 
in  diastole.  Three  or  four  drops  of  the  pharmaceutical  solution  of 
atropine  now  let  fall  upon  the  heart.  Five  minutes  after  the  beats  were 
7  in  15".  The  right  vagus  was  then  again  irritated  by  induced  electricitr, 
with  no  change  in  the  heart.  After  ten  minutes,  four  drops  of  a  10-per- 
cent, solution  of  bile-acids  were  let  fall  upon  the  heart  and  neighbour- 
hocd.    Thereupon,  for  nearly  a  minute,  the  heart-beats  rose  to  10  in  15', 
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but  directly  after  fell  to  6  in  16*.  Kve  minutes  after,  the  beats  being 
still  6  in  16*,  the  right  vagus  was  again  irritated,  but  no  change  followed. 
Three  minutes  after  the  beats  were  6  in  15".  Experiment  was  then 
broken  off. 

Two  other  like  experiments  were  made  and  with  like  results.  They 
would  seem  to  show  that  the  bile-acids  do  not  restore  to  the  vagus  the 
inhibitory  power  destroyed  by  the  atropine. 

If,  then,  the  slowness  of  the  pulse  be  not  due  to  the  influence  of  the 
vagus  on  the  heart,  there  remain  two  other  factors  in  the  movements  of 
the  heart  to  be  considered — the  ganglia  and  the  muscular  walls.  Look- 
ing at  the  muscular  walls  as  the  cause  of  the  slow  pulse,  it  became  of 
great  importance  to  examine  with  care  the  experiments  of  Traube  and 
Johannes  Eanke,  as  to  the  action  of  the  bile-acids  upon  striped  muscular 
tissue.  Traube  himself  has  made  no  immediate  observations  upon 
muscle.  He  believes  that  the  heart  muscle  is  the  organ  affected,  solely 
apparently  because  the  low  blood  pressure  and  slow  pulse  so  quickly  dis- 
appear. I  can  confirm  nearly  all  Traube's  statements  of  fact  by  obsena- 
tions  of  my  own.  Only  the  ecchymoses  in  the  conjunctiva  of  the  side 
used  for  injection  have  I  failed  to  see.  The  inspiratory  spasm  on  the 
injection  of  the  bile-acids  into  the  carot*.  is  extremely  well  marked,  and 
persists  after  the  removal  of  the  cerebral  hemispheres.  But  it  is  hard 
to  agree  with  his  explanation  of  facts,  and  his  **  muscular-motor  "  theory 
remains  at  present  a  pure  hypothesis. 

In  repeating  Bankers  experiments  I  followed  his  method  of  injecting 
10  cubic  centimetres  of  a  1-per-cent.  solution  of  bile-acids  in  saline  solu- 
tion into  the  aorta  of  frogs.  I  noticed  all  the  phenomena  which  he  has 
described — the  irregular  contractions  of  the  muscles  of  the  limbs  as  the 
injection  passed  into  them,  their  rigidity  and  hardness  immediately  after 
the  injection,  and  the  absence  of  contraction  on  the  application  of 
electricity  to  the  sciatic  nerves.  Banke  seems  to  think  these  appearances 
are  best  explained  by  supposing  that  the  bile-acids  have  a  specific  in- 
fluence upon  muscular  tissue.  Knowing,  however,  the  power  which 
the  bile-adds  possess  of  coagulating  albumen  (a  1-per-cent.  solution  will 
coagulate  white  of  eg%\  it  seems  to  me  that  the  appearances  seen  would 
be  very  fully  explained  by  the  chemical  action  of  the  bile-acids  upon  the 
albuminous  substances  of  the  muscle ;  and  a  chemical  action  Banke  him- 
self admits.  I  was  thus  led  to  make  a  series  of  experiments  in  which 
the  bile-acids  should  not  be  immediately  brought  into  contact  with  the 
muscles,  but  should  act  by  means  of  the  natural  process  of  absorption. 
The  bile-acid  solution  was  injected  into  the  lymphatic  sac  or  imder  the 
skin  of  frogs.  The  amount  given  varied  from  '06  to  '3  grm.  Twelve 
experiments  were  made,  and  in  nearly  all  no  change  in  the  curve  traced 
by  the  myograph  could  be  detected  after  the  injection  of  the  bile-acids, 
tbe  observations  lasting  up  to  the  time  that  the  muscles  responded  to 
any  amount  of  electricity  that  I  was  able  to  brmg  to  bear  upon  them. 
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The  method  used  was  as  follows :  the  sciatic  nerve  was  prepared, 
carefully  avoiding  all  injury  of  blood-vessels ;  the  tendon  of  the  gastro- 
cnemius was  attached  to  a  string,  and  separated  from  the  heel.  The  frog 
was  then  put  into  a  moist  chamber,  and  the  string  attached  to  the  tendo 
Achillis  fastened  to  a  telegraph  lever  writing  on  a  revolving  cylinder. 
The  sciatic  nerve  was  then  irritated  by  means  of  electricity  from  a  Du- 
Bois-Eeymond's  coil ;  it  was  applied  not  of tener  than  once  every  60*, 
and  only  of  such  amount  as  to  cause  the  muscle  to  contract. 

I  here  extract  from  my  experiment-book  a  few  experiments  detailed  at 
length. 

Jan.  22. — Excellent  normal  curves  obtained.  •!  grm.  of  bile-acids 
injected  under  skin  of  back :  no  change  in  the  curves,  save  that  they 
grow  smaller  in  height  from  15"*  to  60™  after  the  injection. 

Feb.  2. — '3  grm.  of  bile-acids  injected  into  the  lymph-sac  of  frog :  no 
change  from  normal  curves  from  16"  to  92"  after  the  injection. 

In  thiBe  of  these  experiments  changes  in  the  natural  curve  were 
noticed  after  the  injection  of  the  bile-acids.  The  same  appearance  was 
seen  in  all  three,  namely,  that  the  muscle  was  a  long  time  in  recovering 
itself.  The  down  stroke  of  the  muscle  curve  took  some  space  before  it 
reached  the  abscissa.  In  two  of  these  cases,  however,  the  muscle  curves 
taken  before  the  injection  of  the  bile-acids  showed  the  same  appearance. 
After  the  injection  the  prolongation  of  the  curve  became  somewhat  more 
marked,  varied  by  returns  to  almost  normal  markings.  It  is  thus  im- 
possible to  attribute  any  weight  to  these  variations.  The  amount  of  bile- 
acid  given  in  these  two  cases  was  '2  and  '3  grm,  respectively.  In  the 
third  case  in  which  this  lengthening  of  the  curve  was  noticed  no  mark- 
ings were  taken  before  the  injection,  so  that  from  this  case  it  is  again 
impossible  to  draw  any  inference.  The  amount  of  bile-acid  given  was 
•3  grm. 

If,  then,  the  bile-acids  have  no  physiological  action  upon  striped 
muscular  tissue,  have  they  yet  any  chemical  influence  upon  the  ventricle 
alone?  I  thought,  therefore,  of  making  some  experiments  upon  the 
action  of  the  bile-adds  on  the  ventricle  when  separated  from  the  rest  of 
the  heart.  It  is  commonly  said  that  the  ventricle  of  the  frog's  heart 
continues  to  beat  for  some  time  after  it  be  severed  from  the  auricles. 
I  found,  however,  that  the  time  was  not  long  enpugh,  nor  the  beating 
of  the  ventricle  constant  enough,  to  enable  me  to  judge  of  the  difference 
iu  time  taken  to  bring  the  ventricle  to  a  standstill  if  immersed  in  serum, 
or  in  serum  containing  1  per  cent,  of  bile-adds.  I  therefore  feU  back 
upon  a  method  lately  employed  by  Luciani*.  It  consists  in  introducing 
into  the  ventricle  of  the  frog's  heart  a  tube  divided  vertically  by  a 
septum,  and  tying  the  ventricle  on  to  the  cannula  below  the  auricles. 
The  heart  is  supplied  by  serum  through  the  double  cannula,  and  each 
*  Arbeiten  auB  d.  phys.  Anstalt  zu  Leipzig,  Jahrg.  rii.  1873|  p.  120. 
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pulsation  is  recorded  by  a  manometer*.  I  made  fire  of  these  experi^ 
ments,  but  could  detect  no  change  in  the  alternate  standstill  and  tet^us, 
described  bj  Luciani,  after  the  introduction  of  bile-acids  in  1  per  cent. 
into  the  serum,  nor  after  the  removal  of  the  bile-acid  serum  and  the 
feeding  of  the  heart  with  pure  serum.  Both  before  and  after  the  use  of 
the  bile-acids  the  contractions  of  the  ventricle  were  the  same.  It  would 
seem,  therefore,  that  the  bile-adds  have  no  influence,  either  chemical  or 
physiological,  upon  the  ventricle  of  the  frog's  heart  separated  from  the 
auricles. 

If,  then,  the  bile-adds  have  no  influence  upon  the  ends  of  the  vagus  in 
the  heart,  nor  upon  the  muscular  tissue,  there  remains,  in  the  present 
state  of  knowledge,  only  one  other  cause  of  the  heart's  movement  which 
may  beget  a  slow  pulse,  viz.  the  ganglia  of  the  heart.  Arguing,  there- 
fore, per  viam  excludonis,  the  same  conclusion  is  reached  as  that  of 
Bohrig,  viz.  that  it  is  the  action  of  the  bile-adds  upon  the  ganglia  of  the 
heart  which  causes  the  slow  pulse  in  jaundice.  The  same  conclusion  is 
come  to,  but  upon  altogether  different  grounds  ;  for  it  must  be  acknow- 
ledged that  the  grounds  upon  which  Bohrig  formed  his  opinion  seem,  in 
the  present  state  of  physiolc^,  to  be  insuffident. 

I  have  also  made  some  experiments  upon  the  influence  which  the  bile- 
adds  have  upon  the  rate  of  pulsation  of  the  lymphatic  hearts  of  frogs. 
The  rate  does  not  seem  to  be  in  any  way  influenced  by  the  bile-acids. 
The  heart  only  begins  to  beat  more  slowly  where  general  death  is  setting 
in  from  the  action  of  the  poison.  The  blood-heart,  on  the  contrary,  begins 
to  feel  the  influence  of  the  poison  within  a  few  minutes  of  its  injection, 
and  the  pulsations  may  sink  from  13  to  3  in  15'  in  seven  minutes  after  the 
injection  of  1  cubic  centimetre  of  the  bile-acid  solution  imder  the  skin. 

I  have  made  six  observations  upon  the  lymph-hearts,  of  which  I  add 
the  details  of  one. 

Dec.  24th. — Bight  posterior  lymphatic  heart  exposed  at  10.55  a.m. 
The  pulsations  vary  from  7  to  9  in  15'.  At  11.5  the  average  is  9  in  15'. 
At  11.7  one  cubic  centimetre  of  bile-add  solution  was  injected  under  the 
ekin  of  the  neck. 


At  11.12  A.M.  10  in  15'. 

At  12.20  P.M.  another  injection. 

11.15    „      9     „ 

12.25    „    11  in  15'. 

11.20    „      9     „ 

12.31    „    10  in  16'. 

11.24   „    struggles. 

12.35.  Lymph-hearts  now  ceased 

11.28    „     9. 

to  act. 

12  noon  10  in  15'. 

2.0  P.M.     Animal  found  dead. 

I  have  likewise  made  some  observations  upon  the  changes  in  the  reflex 

*  The  double  cannula  is  called  by  the  Germans  FroschherzventrikelbestimmungS' 
appara^t  and  may  be  had  of  Honuii  the  inBtnunent-maker  in  Leipzig.  The  one  sent 
by  him  to  me  was,  however,  too  large  for  the  hearts  of  English  frogs,  and  a  smaller 
one  on  the  same  plan  was  made  for  me  by  Hawksley,  of  Oxford  Street. 
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movements  which  follow  the  adjninistnitioii  ol  this  bil4>^ds-    I  eUmi^ 
one  of  five  eiperimente  nearly  all  alike. 

Dtc,  Idifi. — The  anterior  eerebral  hemispheres  of  &  fmg,  learbig  tbfl 
optic  thflJami  uninjured,  remoTed.  The  foot  wm  Lrritat^^d  by  being 
plunged  in  filter  made  jnst  peroeptiblj  acid  to  taste  by  sol  phone  add* 
The  numbers  are  in  seconds* 

»12M,     U  6,  7,  8,  G,  7,  0. 
12^2.    'o  cubic  centimetre  of  bde^acid  solution  injected  under  the  skiii 
of  the  back. 

\2SSd.     1,  2,  I,  h  20,  27,  15,  16,  21,  26,  22,  26. 

bThe  head  cut  off  at  1  o'clock. 
1.25.     9,  9,  9,  9,  10,  10, 10, 
In  all  easea  a  minute  passed  between  the  application  of  the  irritant, 
and  the  foot  was  well  washed  with  distilled  water  after  each  observatbo. 
From  these  observations  it  would  appear  that  tb©  reflex  irritability  is 
greatly  diminished  by  the  bile-adds. 

In  conclusion  1  wish  to  express  my  best  thanks  to  Professor  Biuilon 
Sanderson,  F-E.S,,  and  to  Dr,  Lauder  Bnmton,  FJi.8.,  lor  their  great 
kindnese  in  giving  nie  invaluable  advice  and  as^sistanee  throughout  the 
research.  Many  of  the  expfSrimeuts  were  made  in  the  JodreH  Laborar 
tory  at  University  College,  London » under  Professor  Burdcm  Sjiaderson'i 
eye;  and  the  remainder  were  made  in  the  Pharmacological  Laboratory  ol 
my  friend  and  colleague  Dr*  Lauder  Brunton,  at  St.  BartholomewA 
Hospital. 

III.  ''On  the  Structure  of  a  Species  oiMillepora  occurring  at  Tahiti, 
Society  Islands.''  By  H.  N.  Moseley,  Naturalist  to  the 
'  Challenger '  Expedition.  Communicated  by  Prof.  Wyvillb 
Thomson,  F.R.S.,  Director  of  the  Civilian  Scientific  Staff. 
Received  March  6,  1876. 

(Abstract.) 
In  a  paper  treating  mainly  of  the  structure  of  Heliopora  ccgruka^ 
communicated  to  the  Eoyal  Society  in  the  autumn  of  1875,  some  account 
was  given  of  results  arrived  at  from  the  examination  of  two  species  of 
Millepora  obtained  at  Bermuda  and  at  Zamboangan,  Philippines ;  and 
in  that  paper  a  summary  of  the  literature  concerning  the  t&bulate  conds 
generally  was  given.  The  present  paper,  to  be  considered  to  a  certain 
.  extent  a  continuation  of  the  last,  gives  an  account  of  the  structure  of 
a  species  of  Millepora  obtained  at  Tahiti,  Society  Islands.  The  author 
commences  by  expressing  his  obligations  to  his  colleague  Mr.  J.  Murray, 
who  obtained  living  specimens  of  the  Millepora  and  handed  them  over 
to  him  with  the  zooids  in  the  expanded  condition  for  examination,  and 
who  further,  having  devoted  some  time  to  the  study  of  the  cond,  gave 
him  valuable  information  with  regard  to  several  points  in  its  stmctore. 
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No  Millepora  appears  to  have  been  hitherto  known  to  occur  at  Tahiti. 
The  name  of  the  species  of  the  one  the  structure  of  which  is  described 
in  the  paper  was  not  ascertained.  It  resembles  M.  tuherculosa,  as 
described  by  Milne-Edwards  *,  in  outward  form,  but  differs  from  it  in 
having  the  calicles  of  two  kinds  disposed  on  the  surface  of  the  corallum 
in  regular  separate  systems,  in  this  respect  resembling  more  closely 
M.  plkatay  M.  foliata,  and  M,  Ehrenhergii  as  described  by  the  same 
author. 

The  coral  was  examined  in  the  fresh  condition,  and  also  preserved 
in  alcohol,  chromic  acid,  and  glycerine,  and  treated  with  osmic  acid. 
Hardened  specimens  were  decalcified  and  examined  by  means  of  sections. 
The  corallum  is  a  spongy  mass  composed  of  more  or  less  contorted 
trabecular  of  calcareous  matter,  which  is  disposed  in  a  series  of  thin 
layers  following  the  contours  of  the  surface,  and  representing  successive 
additions  by  growth.  Within  these  layers  ramify  a  series  of  canals 
which  give  oft  branches  and  subbranches,  the  whole  ramifications  being 
intimately  connected  with  one  another,  and  with  the  calicular  cavities,  by 
a  network  of  smaller  channels.  The  main  canals  are  sometimes  large 
enough  to  be  easily  seen  by  the  naked  eye,  and  run  for  as  great  a 
distance  on  the  surface  of  the  corallum  as  lj|  inch.  This  system  of 
branching  canals  is  held  to  be  characteristic  of  the  coralla  formed  by  the 
bydroid  genus  Millepora^  distinguishing  it  from  all  other  coralla.  The 
calicles  are  of  two  kinds,  small  and  large.  They  are  disposed  on  the 
surfiice  of  the  corallum  in  irregularly  circular  systems.  A  large  calicle 
occupies  the  centre  of  each  system,  and  is  surrounded  by  a  ring  of 
smaller  calicles,  usually  from  five  to  eight  in  number.  In  histological 
structure,  as  also  in  chemical  composition  t,  the  coralla  of  the  genus 
Millepora  seem  to  show  no  marked  differences  from  Anthozoan  coralla. 

The  zooids  are  of  two  kinds.  The  one,  short  and. stout,  occupies  the 
larger  central  calicles  of  the  systems,  has  from  four  to  six  short  knobbed 
tentacles,  and  is  provided  with  a  mouth  and  certain  gastric  cells,  closely 
resembling  those  figured  by  AUman  as  occurring  in  Qemmaria  implexa  %• 
The  other  kind  occupies  the  smaller  calicles,  is  longer  and  more  slender 
than  the  mouthed  zooid,  has  from  five  to  twenty  tentacles,  and  no  trace 
of  a  mouth.  The  usual  number  of  tentacles  in  the  mouthless  [zooid  is 
about  twelve  to  fifteen.  The  tentacles  are  larger  than  in  the  mouthed 
zooid,  and  disposed  at  irregular  intervals  along  the  body.  They  show 
the  transverse  striation,  or  apparent  septa,  so  characteristic  of  the  tenta- 
cles of  hydroids.  They  have  spheroidal  heads  composed  of  masses  of 
thread-cells. 

The  zooids  of  both  kinds  are  provided  with  well-marked  longitudinal 

*  Hiat  Nat.  des  Oorallaires,  pi.  F3.  figs,  la,  lb. 

t  Structure  and  Classification  of  Zoophytes,  by  J.  D.  Dana  (Philadelphia,  1846), 
Appendix,  p.  130.    Corals  and  Coral  Islands,  tjuid,  (London,  1872),  p.  105. 
X  Gynmoblastic  and  Tubularian  Hydroids,  pL  viii.  fig.  5. 
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muscular  fibres,  which  are  disposed  in  bundles,  and  an  atewhad  inb- 
riorly  to  the  vessels  of  the  hydrophytai  whkh  join  tiie  somatie  caTity  al 
the  base  of  the  sooids.  Oicnlar  mosoolar  fibtes  aze  possiUy  also 
present.  As  in  HeUopora^  only  a  thin  layer  at  the  smfiMe  of  the  ooval  is 
living. 

The  soft  parts  of  the  hydrophyton  ocnudst  of  a  netwoirk  of  canals  and 
vessels  occupying  the  corresponding  canals  in  the  eoralluni.  The  canab 
are  composed  of  an  ectoderm  and  endoderm.  The  ectoderm  rests  on  a 
tiiin  layer  of  membrane*  It  is  mainly  composed  of  fwba^OL  fine  granu- 
lar cells  with  an  oval  nucleus,  but  is  mnch  modified  in  certain  ragioni. 
In  the  upper  part  of  the  living  layer  its  cells  are  abundantly  eonveried 
into  the  parent  cells  of  thread-cells,  and  on  the  actual  suxfaoe  into  a 
layer  of  prismatic  cells  showing  at  the  very  surfoce  hexagonal  outlmes. 
This  layer  is  believed  to  be  continuous  over  the  whole  outer  surface  d. 
the  coral.  It  is  continued  down  into  the  calicnlar  cavities,  and  in  the 
contracted  condition  almost  closes  their  ozifioes.  The  endoderm  eonsiBti 
of  two  elements — ^yellow  pigmented  cells  closely  similar  to  tiioae  of  other 
hydroids,  and  small  transparent  highly  refracting  gtobules.  The  pig^ 
mented  cells  are  abundant  in  the  somatic  cavities  of  the  aooids,  and  in 
the  canals  and  vessels  of  the  hydrophyton.  They  impart  a  bright  ydloir 
colour  to  the  tips  of  the  tuberdes  of  the  living  ooraL  The  canalrqrBteai 
of  the  hydrophyton  anastomoses  most  freely  with  the  somatic  cavities 
of  the  zooids,  and  establishes  a  free  communication  between  them.  Two 
kinds  of  thread-cells  are  present.  The  one  is  of  the  peculiar  form  occur- 
ring only  in  Hydrozoa,  \\z,  that  which  has  in  the  expanded  condition  a 
short,  wide,  bladder-like  structure  at  the  base  of  the  thread  next  the  cell, 
which  bladder  is  armed  with  three  spines  set  in  one  whorl.  In  MilU- 
pora  the  spines  are  unusually  long  and  set  at  right  angles  to  the  thread. 
This  kind  of  thread-cell  alone  occurs  in  the  tentacles;  it  occurs  also 
more  sparingly  in  the  hydroph3rton. 

The  other  kind  of  thread-cell  is  larger  and  ovoidal  in  form,  closely 
resembling  that  figured  by  AUman  as  occurring  in  Otinmaria  tmpUra. 
These  thread-cells  are  confined  to  the  hydrophyton.  They  form  densely 
set  zones  around  the  bases  of  the  zooids. 

The  other  species  of  MilUpora  examined  appear  to  agree  in  all  essen- 
tial particulars  with  that  occurring  at  Tahiti.  They  have  mouthed  and 
mouthless  zooids,  but  these  are  not  arranged  in  regular  systems.  They 
have  the  same  two  kinds  of  thread-cells,  with  a  similar  distribution. 
The  Tahitian  MiUejxyra,  like  the  others  examined,  is  infested  by  a  para- 
sitic fungus,  which  exists  in  the  soft  superficial  tissues,  as  well  as  in  the 
substance  of  the  corallum,  and  has  a  decided  green  tint. 
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IV.  Supplemental  Note  to  a  Paper  *  '^  On  the  Structure,  Physio- 
logy,and  Development  oiAntedon  (Coma/M/a,Lamk.)  rosacea/' 
By  William  B.  Caepbnter,  M.D.,  F.R.S.  Received  April  6, 
1876. 

'  Since  my  communication  of  the  above-cited  Paper  to  the  Boyal  Society 
on  the  16th  December,  1875,  two  important  contributions  to  the  Anatomy 
of  Antedan  have  appeared — one  by  Dr.  Ludwig,  chiefly  based  on  his 
study  of  Antedon  Eschrichiii  ("  Zur  Anatomic  der  Crinoiden,"  Zeitschrift 
f  iir  Wissenschaftliche  Zoologie,  Bd.  icxvi.  1876,  p.  361,  continued  in  Nach- 
richten  von  der  Konigl.  Q^sellschaft  der  Wissenschaften  und  der  G.  A. 
Universitat  zu  Gottingen,  No.  5,  Feb.  23,  1876),  and  the  other  by  Prof. 
Greef,  of  Marburg  (Sitzungsberichte  der  G^sellschaft  zur  Befdrderung 
der  gesammten  Naturwissenschaften  zu  Marburg,  January  1876),  both 
of  which  seem  to  have  been  prompted  by  the  appearance  of  Professor 
Semper's  short  paper  on  the  subject.  These  able  observers  fully  concur 
with  me,  as  to  all  essential  particulars,  in  the  account  1  have  given  of  the 
triple  canal-system  of  the  arms,  which  M.  Edmund  Perrier  not  only 
could  not  himself  And,  but  ventured  to  predict  that  no  one  else  would 
find ;  in  fact.  Professor  Greef  s  figure  of  a  transverse  section  of  an  arm 
might  have  been  copied  from  one  of  the  drawings  I  have  had  by  me  for 
more  than  ten  years,  save  for  one  slight  additional  feature.  The  German 
investigators  idso  accept  the  correctness  of  the  statements  made  by  me 
in  my  First  Memoir,  that  the  "  nerve "  of  Miiller  is  really  the  genital 
rachis,  and  that  Miiller's  "vessel"  in  the  arms  is  solid,  not  tubular, 
though  neither  is  disposed  to  believe  with  me  that  this  "  axial  cord  "  is  a 
nerve.  The  character  of  a  nerve,  on  the  other  hand,  is  assigned  by 
liudwig  to  a  fibrillar  band  lying  beneath  the  epithelial  floor  of  the  ventral 
furrow  of  the  arms ;  which  band  had  been  independently  noticed  by  my 
Bon,  Mr.  P.  H.  Carpenter  t  (who  is  at  present  working  in  the  laboratory 
of  Professor  Semper  at  Wiirzburg),  in  two  of  Professor  Semper^s  Philip- 
pine species,  Actinometra  amuUa  and  A.  niffrOy  as  also  in  Antedon 
EsehrichUiy  in  which  it  had  been  previously  discovered  by  Ludwig.  It  is 
not  nearly  so  distinct,  however,  in  A.  rosaceua ;  but  its  existence  in  that 
species  was  also  independently  recognized  by  Professor  Huxley,  who, 
Hke  Ludwig,  was  led  by  his  general  view  of  the  homologies  of  the 
Orinoids  to  regard  it  as  a  nerve.  My  son  regards  both  the  ventral  band 
of  Ludwig  and  my  "  axial  cord  "  as  belonging  to  the  nervous  system, 
being  led  to  that  conclusion,  as  regards  the  former,  by  its  homology  with 
the  radial  nerves  of  other  Echinoderms,  and,  as  regards  the  latter,  by 
the  very  definite  branching  he  has  discovered  in  the  axial  cord  of  the 

»Seean/^,  p.  211. 

t  **  Bemarks  on  the  Anatomy  of  the  Arms  of  the  Crinoicb,"  in  the  Journal  of  Aaiatomy 
and  Physiology  for  April,  1876,  p.  571. 
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arms  of  Actinometra  armata  and  A,  nigra — ^two  pairs  of  branches  running 
on  each  side  towards  the  dorsal  surface,  and  two  towards  the  ventral, 
where  he  has  distinctly  traced  their  ramifications  as  far  as  the  leaflets 
bounding  the  ventral  furrow.  Prof.  Greef ,  on  the  other  hand,  describes 
the  whole  epithelial  floor  of  the  ventral  furrow  as  a  nerve,  on  the  ground 
that  its  histological  character  resembles  that  of  the  nerves  of  other 
Echinoderms. 

Having  recently  had  an  opportunity  of  examining  at  Wiirzburg  the 
very  thin  sections  prepared  by  my  sou,  I  can  say  with  certainty  that  the 
fibrillar  band  is  quite  distinct  from  the  layer  of  columnar  epithelium  which 
it  underlies ;  but  it  appeared  to  me  to  send  off  very  minute  fibrils  that 
pass  up  between  the  cells  of  which  that  layer  is  composed. 

To  myself  it  appears  by  no  means  improbable,  looking  alike  to  its 
position  and  to  its  histological  characters,  that  this  band  is  a  nerve ;  but 
having  regard  to  its  immediate  proximity  to  the  sensory  (ventral)  surface, 
and  to  its  separation  from  the  muscles  by  the  interposition  of  the  triple 
canal-system,  I  cannot  but  think  it  more  likely  that  it  is  functionally 
related  rather  to  the  former  than  to  the  latter — in  other  words,  that  it 
is  an  afferent,  rather  than  a  rmtor  nerve. 

As  it  seemed  to  me  that  important  evidence  might  be  obtained  on  this 
point  from  experiments  made  on  the  living  animal,  I  took  the  opportunity 
afforded  by  my  recent  visit  to  the  Zoological  Station  at  Naples  to  insti- 
tute such  experiments;  the  results  of  which  I  am  desirous  of  appending 
to  my  Paper,  as  they  seem  to  me  to  place  the  doctrine  advocated  in  it 
beyond  reasonable  doubt. 

Every  one  who  has  had  the  opportunity  of  observing  the  habits  of  the 
Uving  Antedmt  well  knows  the  peculiarly  rhythmical  and  symmetrical 
swimming  action  which  it  executes  when  it  spontaneously  leaves  or  is 
detached  from  the  anchorage  afforded  by  the  grasp  of  its  dorsal  cirrhi. 
Each  of  its  ^ye  rays  divaricates  into  two  arms,  which  may  be  characterized 
(like  the  two  legs  proceeding  from  the  human  trunk)  as  the  right  and  the 
left  respectively;  and  the  act  of  swimming  consists  in  the  alternate 
consentaneous  advancement  of  thej^ve  right  and  then  of  thQ  Jive  left 
arms,  each  of  which  is  bent  forwards  in  a  curve  which  resembles  that  of 
the  swan's  neck  in  its  graceful  arch,  and  is  then  straightened  backwards. 
The  perfect  similarity  of  the  movements  of  ail  the  five  arms  that  work 
together,  involving  the  conjoint  contraction  of  several  hundred  pairs  of 
muscles,  seems  to  me  to  point  almost  certainly  to  coordination  through  a 
nervous  centre ;  and  it  will  be  seen  that  experiment  has  fully  confirmed 
that  conclusion. 

It  will  be  recollected  that  the  centre  of  what  I  regard  as  the  motor 
nervous  system  is  the  quinquelccular  organ  contained  in  the  centro- 
dorsal  basin,  which  MiiUer  (who  did  not  recognize  its  cavitary  sub- 
division) characterized  as  a  heart.     Muller's  view  of  its  nature  is  still 
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Qpheld  by  Greef  (he.  cit,),  who  says  that  it  gives  off  vessels  to  the  drrhi, 
and  regards  what  I  have  described  as  a  drcular  commissure  (analogous 
to  the  "  circle  of  Willis  ")  as  a  closed  blood-vascular  system  in  connexion 
with  this,  although  he  admits  that  the  axial  cords  of  the  arms,  which 
are  derived  from  this  ring,  are  solid.  The  careful  and  repeated  investi- 
gations I  have  made  on  this  point,  however,  have  fully  satisfied  me  that 
my  previous  statement  was  correct.  There  is  no  passage  whatever  out  of 
the  chambers  into  the  axial  cords  either  of  the  cirrhi  or  the  rays ;  and  in 
the  pedunculate  Crinoids,  as  in  the  early  Pentacrinoid  stage  of  AnUdon^ 
there  is  no  ventricular  dilatation,  the  solid  radial  cords  directly  arising 
from  the  axis. 

Experiment  1. — ^Taking  up  a  large  and  vigorous  specimen  of  Antedon, 
I  turned  the  entire  visceral  mass  out  of  the  calyx,  leaving  behind  it, 
therefore,  as  the  centrum  of  the  animal,  only  the  calcareous  segments  of 
the  calyx  with  their  muscles  and  ligaments,  the  centro-dorsal  basin  with 
its  cirrhi,  and  the  five-chambered  organ  contained  in  the  cavity  of  that 
basin.  On  replacing  the  animal  in  the  water,  it  executed  the  usual  swim^ 
nUng  movement  <u  perfectly  <u  the  entire  animal  had  previously  done. 

Experiment  2. — I  removed  from  a  second  specimen,  which  I  took  out 
of  the  water  in  the  act  of  swimming,  the  entire  centro-dorsal  basin,  with 
its  contents  and  appendages,  leaving  every  other  p8rt  as  it  was.  On  re- 
placing the  animal  in  the  water,  aU  the  arms  were  rigidly  straightened  ovi, 
apparently  by  the  action  of  the  elastic  ligaments,  which  the  muscles  were 
powerless  to  antagonize. 

This  second  experiment,  then,  not  only  confirmed  my  previous  belief 
that  the  source  of  the  perfect  coordination  of  the  swimming  movements 
lies  in  a  Nervous  centre,  but  seemed  to  establish  beyond  doubt  that  the 
quinquelocular  organ  is  the  instrument  of  that  coordination — ^the  centre 
of  a  Nervous  system,  whose  peripheral  portion  consists  of  the  axial  cords 
of  the  rays,  arms,  and  pinnules.  On  the  other  hand,  the  first  experiment, 
taken  in  connexion  with  the  second,  clearly  shows  that  nothing  contained 
in  the  Visceral  mass  is  essential  to  the  perfect  coordination  of  the  swim- 
ming movements.  And  since  it  is  clearly  in  the  oral  ring  that  we  should 
expect  to  find  the  centre  of  any  nervous  system  lying  immediately  be- 
neath the  tentacular  furrow,  it  seems  to  me  fair  to  conclude  that  the 
supposed  "  nerve "  of  Ludwig,  if  a  nerve  at  all,  has  no  immediate 
relation  to  those  movements. 

Experiment  3. — I  divided,  in  another  lively  specimen  of  Antedon^  the 
soft  parts  of  one  of  the  arms  down  to  the  <»lcareous  segment,  thereby 
cutting  through  the  "  nerve"  of  Ludwig.  This  ought,  on  his  supposition, 
to  pandyze  the  arm  so  treated,  or  at  any  rate  to  destroy  the  consen- 
taneousness  between  its  movements  and  those  of  the  other  arms.  But 
on  replacing  the  specimen  in  water,  all  the  arms  worked  as  usual,  without 
the  slightest  disturbance  of  regularity. 
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Mvperiment  4. — ^I  then  endeayoured  to  makQ  a  corresponding  section 
of  my  nerve,  the  "  axial  cord,"  by  cutting  from  the  dorsal  side  of  the 
arm,  with  the  blade  of  a  very  thin  knife,  sufficiently  deep  between  the 
segments  to  divide  that  cord  without  inj\iring  the  "  nerve "  of  Ludwig. 
Having  been  repeatedly  baffled  in  this  endeavour,  however,  by  the  throw- 
ing-ofE  of  the  halfniivided  arm,  J  had  recourse  to  another  method,  the 
application  of  nitric  acid.  Carefully  drying  with  a  bit  of  blotting-paper 
the  part  to  be  thus  burned  away,  so  as  to  prevent  the  spreading  of  the 
acid,  I  applied  it  with  a  finely  pointed  camel-hair  pencil,  until  I  had 
reason  to  feel  sure  that  it  must  have  reached  the  axial  canal.  On  re- 
placing the  animal  in  the  water,  that  arm  remained  rigidly  stretched  out, 
while  all  the  other  arms  worJced  as  twuaZ. 

Now  if  these  experiments,  taken  in  connexion  with  the  one  described 
in  my  Paper,  which  1  have  again  repeated  with  the  same  result,  are  not 
admitted  as  valid  evidence  that  the  quinquelocular  organ  with  its  radia^ 
ting  cords  constitute  a  Nervous  system,  I  am  at  a  loss  to  understand 
what  is  the  superior  probative  force  of  the  evidence  which  is  universally 
held  to  justify  the  assignment  of  such  functions  to  the  Brain,  Spinal 
Cord,  and  the  white  solid  cords  proceeding  from  these  centres  in  a 
Vertebrate  animal.  And  I  should  feel  it  necessary  to  enter  a  strong 
protest  against  the  refusal  of  a  similar  character  to  what  I  hold  to  be  the 
Nervous  system  of  the  Crinoida  (if  based  on  no  other  objection  than 
that  its  position  does  not  correspond  with  that  of  the  accredited  Nervous 
system  of  other  Echinodermata),  were  it  not  that  an  investigation  which 
I  commenced  seven  years  ago  into  the  structure  of  the  Ophiurida 
showed  that  they  will  probably  afford  the  means  of  bridging  over  this 
difficulty ;  for  the  calcareous  segments  of  their  arms,  instead  of  being 
perforated  by  a  central  canal,  have  a  deep  notch  on  their  ventral  margin, 
which  is  sometimes  almost  completed  into  a  canal;  so  that  there  is 
here  an  easy  passage  on  the  one  hand  towards  the  ventral  nerve-cord  of 
the  Asteroida,  on  the  other  towards  the  central  nerve-cord  of  the 
Crinoida.  Further,  it  is  to  be  borne  in  miud  that  in  the  early  stage  of 
the  development  of  the  Pentacrinoid  larva  of  Antedon^  as  described  in 
the  First  Part  of  my  Memoir  (Phil.  Trans.  1855),  the  "axial  cords''  lie 
on  the  ventral  surface  of  the  Eadials  and  Brachials,  which  are  then  mere 
flat  plates  ;  by  an  endogenous  thickening  of  the  calcareous  network  of 
those  plates,  the  axial  cords  come  to  lie  m  furrows  channelled  out  in  their 
ventral  surfaces;  while  by  a  further  endogenous  growth  of  that  network 
these  ventral  furrows  are  completed  into  canals;  and  it  is  by  a  still 
further  endogenous  thickening  that  these  canals  finally  come  to  occupy 
the  centre  of  each  Badial  and  Brachial  calcareous  segment. 

At  the  same  time  I  would  repeat  that  I  see  no  reason  for  refusing  to 
believe  that  the  subepithelial  band  of  Ludwig  is  a  sensory  nerve,  the 
functions  of  the  single  trunk  of  the  Asteroida  being  here  divided  between 
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two,  an  afferent  and  a  motor,  jnst  as,  in  Man,  the  double  function  of 
on  ordinary  spinal  nerve  is  divided  in  the  head  between  the  5th  and 
7th  pairs.  And  it  seems  not  unlikely  that  while  the  ''axial  cords" 
(motor  nerves)  of  the  arms  are  derived  from  the  peripheral  part  of  the 
Crinoidal  axis,  the  "  ventral  bands  "  (sensory  nerves)  are  derived  from 
the  central  part  of  that  axis,  which  has  been  shown  to  be  continued,  as 
the  "  axial  prolongation,"  to  the  oral  ring. 

The  Society  then  adjourned  over  the  Easter  Eecess,  to  Thursday, 
April  27,  1876. 


April  27, 1876. 
Dr.  J.  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  Bakerian  Lecture,  "  On  the  Gaseous  State  of  Matter,^'  was 
delivered  by  Prof.  T.  Andrews,  LL.D.,  F.R.S.,  Vice-President 
of  Queen's  CoU^e,  Belfast.  The  following  is  an  Ab- 
stract : — 

After  referring  to  certain  modifications  in  his  former  method  of  work- 
ing at  high  pressures,  the  author  describes  some  preliminary  experiments 
which  were  undertaken  to  determine  the  change  of  capacity  in  the  capil- 
lary bore  of  the  glass  tubes  under  the  pressures  employed.  From  these 
experiments  it  appears  that,  on  raising  the  pressure  from  5  to  110  atmo- 
spheres, the  capacity  was  increased  for  each  atmosphere  by  only 
0*0000036,  and  that  this  change  of  capacity  was  chiefly  due  to  com- 
pression of  the  internal  walls  of  the  glass  tube.  Another  set  of  experi- 
ments was  made  to  ascertain  whether  air  or  carbonic-acid  gas  is  absorbed 
at  high  pressures  to  any  appreciable  extent  by  mercury.  For  the  method 
of  operating  ^nd  other  details  reference  must  be  made  to  the  original 
memoir;  but  the  general  result  is  that  no  absorption  whatever  takes 
place,  even  at  pressures  of  60  or  100  atmospheres.  The  pressures  are 
given  according  to  the  indications  of  the  air-manometer  in  the  absence 
of  sufficient  data  (which  the  author  hopes  will  be  soon  supplied)  for 
reducing  them  to  true  pressures.  In  the  mean  time  it  is  probable,  from 
the  experiments  of  Cailletet,  that  the  indications  of  the  air-manometer 
are  almost  exact  at  200  atmospheres,  and  for  lower  pressures  do  not  in 
any  case  deviate  more  than  -^  from  the  true  amount. 

In  a  note  which  was  published  last  year  in  the  *  Proceedings '  of  the 
Society  (No.  163),  it  was  stated  that  the  coefficient  of  expansion  (a)  for 
heat  under  constant  pressure  changes  in  value  both  with  the  pressure  and. 
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with  tHe  temperature.  The  experiments  on  this  subject  are  now  com- 
pleted, and  are  described  at  length  in  this  paper.  The  final  results  will 
be  found  in  the  two  following  Tables.  In  the  first  Table  the  values  of  a 
Skve  referred  to  a  unit  volume  at  (f  and  under  one  atmosphere.  In  the 
first  column  the  pressure  p  in  atmospheres  is  in  terms  of  the  air- 
manometer. 


P' 

.(0«>-7°-5). 

« (0^-64^). 

«(64<^-100°). 

1709 

0-005136 

0-004747 

20-10 

0-00607 

0-005533 

0-004958 

22-26 

0-005811 

0-005223 

24-81 

0-00700 

0-006204 

0-005435 

27-69 

0-00782 

0-006737 

0-005730 

31-06 

0-00895 

0-007429 

0-006169 

34-49 

0-01097 

0-008450 

0-006574 

For  higher  pressures  than  35  atmospheres  a  different  unit  volume 
must  be  taken,  on  account  of  the  liquefaction  of  the  carbonic  add.  The 
next  Table  contains  the  values  of  o,  referred  to  the  unit  volume  at  64°, 
between  64°  and  100°  at  constant  pressures  up  to  223  atmospheres. 


p- 

« (04^-100^). 

P- 

«(64°-100^). 

17-09 

0003572 

46-54 

0-004946 

20-10 

0-003657 

54-33 

0-005535 

22-26 

0-003808 

64-96 

0006512 

24-81 

0-003892 

81-11 

0-008033 

27-69 

0-004008 

106-90 

0-013150 

31-06 

0-004187 

145-50 

0-018222 

34-49 

0-004266 

223-00 

0-008402 

40-54 

0-004596 

As  the  value  of  a  changes  with  the  temperatures,  the  c(5efficient8  given 
above  are  average  coefficients  for  the  ranges  of  temperature  specified. 
It  will  be  observed  that  the  value  of  a  increases  with  the  pressure  until 
a  very  high  pressure  is  attained,  when  it  changes  its  direction  and 
diminishes.  This  apparent  anomaly  depends  upon  the  carbonic  acid  at 
the  high  pressure  having  passed  from  the  gaseous  state  proper  to  the  in- 
termediate conditions,  which  the  author  has  formerly  desmbed  as  esta- 
blishing a  continuity  between  the  gaseous  and  liquid  states  of  matter. 

If  we  designate  by  a'  the  coefficient  of  elastic  force  when  a  gas  is 
heated  imder  a  constant  volume,  we  shall  have  in  the  case  of  a  perfect 
(ideal)  gas 
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In  the  ordinary  gaseons  state  the  value  of  a'  diverges  widely  at  high 
pressures  from  that  of  a,  as  will  appear  from  the  two  following  Tables. 
In  the  first  Table  the  values  of  a'  are  referred  to  a  unit  pressure  at  0% 
and  p  is  the  initdal  pressure  in  atmospheres. 


p- 

V(a>-6o-6). 

«'  (0^-640), 

«'  {64<'-100<^). 

16-42 
21-48 
25-87 
30-37 
33-63 

6-OO53V 
0-00688 

6-00734 

0-004764 
0-006237 
0-006728 
0-006357 
0-006973 

0-004607 
0-004966 
0-005406 
0-005861 
0-006334 

In  the  next  Table  the  value  of  a'  between  64^  and  100^  referred  to  a 
unit  pressure  at  64^  is  given  for  a  large  range  of  pressure.  Both  the 
initial  and  final  pressures  are  given. 


r- 

«'  (64<»-100»). 

P- 

«{64»-100<>). 

21-42 
24-19  . 

0-003526   1 

48-40 
66-16 

0-004387 

28-65 
32-60 

0-003718 

67-65 
80-99 

0-005392 

35-29 
40-44 

0-003956 

94-27 
118-60 

0-007018 

42-74 
49-25 

0-004166 

1 
1 

As  the  general  result  of  this  investigation,  it  follows  that  in  the  ordi- 
nary gaseous  state  the  law  of  Gay-Lussac  does  not  hold  good,  either  in 
ttie  case  of  a  or  of  a',  and  that  the  dilatation  by  Tuat  of  a  body  in  the  ordi- 
'Miry  gaseous  states  whether  measured  by  its  expansion  under  constant  pres- 
sure orhfthe  increase  of  elastic  force  under  constant  volume^  is  not  a  simple 
function  of  the  initial  volume  or  initial  elastic  force,  but  a  complex  function 
changing  with  the  temperature. 

In  the  second  part  of  the  paper  the  general  properties  of  the  ordinary 
gaseous  state  are  considered.  As  the  basis  of  this  inquiry,  the  following 
Table  of  the  compressibility  of  carbonic  acid  at  6°-6,  64°,  and  100°  is 
g^ven,  in  which  e  is  the  ratio  of  the  observed  volume  of  the  carbonic  add 
at  the  pressure  p  and  temperature  t'  to  its  volume  under  one  atmosphere 
at  the  same  temperature  t\ 
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P^ 

94 

p' 

j»- 

i'=100», 

c 

1201 

1 

17-60 

1 

t 

t 

I 

i 

20-17 

13-22 

14-W 

20-36 

22-37 

14-08 

T&n 

23-50 

24-85 

mm 

1709 

1 

2506 

27-7tt 

dm 

20'10 

^ia 

28-07 

3l*0« 

i^ 

22'2e 

t 

81*30 

34-57 

r,^m 

2481 

v5?i) 

84-82 

40-oa 

^^&i 

27  Ga 

1        ' 

40*54^ 

45-0» 

^ 

31-06 

1 
9S^ 

4C-5« 

1 

53-81 

eo» 

3449 

iFW 

&4-33 

*^ 

04-27 

TW 

64-96 

1 

80-25 

i^«a      ! 

8M1 

1 

105-09 

iSre 

106-88 

1 

145-44 

ItTb 

145-54 

1 

223-57 

5lW 

222-02 

4m 

If  we  put  p=rp,  and  calculate  the  values  of  p  for  each  of  the  above 
experiments,  it  will  be  found  that  these  values  diminish  regularly  as  the 
pressure  increases  at  each  temperature,  with  the  exception  of  the  last 
observation  at  64**,  where  the  value  of  p  is  greater  than  at  the  preceding 
observation.  This  change  of  direction  in  the  value  of  p  is  explained  by 
the  circumstance  already  mentioned,  that  the  carbonic  add  at  the  higher 
pressure  has  been  reduced  to  the  liquid  volume  (although  no  liquefaction 
has  taken  place)  in  passing  through  the  conditions  of  matter  intermediate 
between  the  gaseous  and  liquid  states. 

The  relations  between  the  volumetric  curves  in  the  ordinary  gaseous 
state  for  different  temperatures  are  determined  by  means  of  what  the 
author  calls  the  homologues  or  homologous  points  of  those  curves — that  is, 
the  points  in  any  two  isothermals  where  the  values  of  p  are  equal,  or 

pv^p'v' (A) 

From  a  careful  analysis  of  the  experiments  described  in  this  communi- 
cation and  in  his  former  Bakerian  Lecture,  the  author  shows  that  the 
ordinary  gaseous  state  is  characterized  by  the  ratio  of  the  external  pres- 
sures for  all  the  homologues  of  any  two  given  temperatures  being  con- 
stant, or 

p' 


m. 


(B) 
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where  ni  is  a  constant.  It  must  be  carefully  obsenred  that  v  and  v'  in 
equation  (A)  are  the  volumes  of  the  gas  on  different  isothermals. 

It  follows  from  these  results  that,  in  the  case  of  a  body  in  the  ordinary 
gaseous  state,  if  the  relations  of  pressure  and  volimie  are  known  at  any 
one  temperature,  the  corresponding  relations  at  any  other  temperature 
can  be  calculated  from  the  observation  of  a  single  homologue  at  the  second 
temperature.  Thus  the  whole  relations  of  volume  and  pressure  will  be 
known  from  a  set  of  primary  observations  at  a  fixed  temperature  and 
the  determination  of  one  homologue  for  each  of  the  other  temperatures. 

The  general  form  of  the  primary  curve  itself,  or  curve  exhibiting  the 
relations  of  pressure  and  volume  at  a  given  tempei:ature,  is  next  investi- 
gated ;  and  the  author  finds,  as  the  result  of  all  his  experiments  under 
very  varied  conditions  of  temperature  and  pressure,  that  the  value  of 
e(l— p)  is  constant  for  the  same  temperature.  Hence  we  have  for  the 
third  equation  of  the  ordinary  gaseous  state 

v(l-jpt;)ec (C) 

From  this  last  equation  the  relations  of  homologous  points,  as  defined 
by  equations  (A)  and  (B),  may  be  deduced. 

The  author  concludes  with  some  general  observations  on  the  action  of 
the  internal  attractive  forces  in  the  ordinary  gaseous  state,  and  also  on 
the  resistance  to  diminution  of  volume  which,  under  certain  conditions, 
modifies  largely  the  effects  both  of  external  pressure  and  of  internal 
attraction. 


Presents  received,  April  6,  1876. 
Transactions. 

Angers : — Society  Industrielle  et  Agricole.    Bulletin.  46*  ann^.  l** 

trimestre.  8vo.  1875.  The  Society. 

Cherbourg : — Soci^t^  Nationale  Acaddmique.    Mdmoires.  8yo.  1876. 

The  Society. 

Lund:— Universitet.    Ars-skrift  (Acta).   Tome  XL   1874.     Mathe- 

matik  och  Naturvetenskap.  4to.  1874-75.    Biblioteks  Accessions 

Katalog,  1872,  73,  74.    8vo.  1873-75.  The  University. 

Montreal : — Natural-History  Society.    The  Canadian  Naturalist  and 

Quarterly  Journal  of  Science.  New  Series.  Vol.  VIL  No.  7,  8 ; 

Vol.  Vin.  No.  1.  8vo.  1875.  The  Society. 

Perpignan : — Socidtd  Agricole,  Scientifique  et  Litteraire  des  Pyren^s 

Orientales  [Mdmoires]-  Vol.  XVIII.,  XXI.  8vo.  1871-74. 

The  Society. 
Borne: — ^Accademia  Pontificia  de*  Nuovi  Lincei.     Atti.    Anno  28. 
Sess.  7 ;  Anno  29.  Sess.  1,  2.  4to.  Soma  1875-76. 

The  Academy. 


Digiti 


zed  by  Google 


460  Presents.  [Apr.  6, 

Transactions  {continued). 

Eome : — B.  Accademia  dei  Lincei.     Anno  271,  272.  Serie  2.  Vol.  I., 
II.  4to.  Boma  1875.  The  Academy. 


Beports  &c« 
"Wellington: — Geological  Survey  of  New  Zealand.  First  General 
Eeport  on  the  Coal  Deposits  of  New  Zealand,  by  Dr.  Hector. 
8vo.  1866.  Abstract  Reports  on  the  Progress  of  the  Survey, 
1866-67, 1868-69.  8vo,  Colonial  Museum  Beport,  1866-67,.  8vo. 
Third  and  Pourth  Annual  Beports  of  the  Colonial  Museum  and 
Laboratory.  8yo.  1868-69.  Catalogue  of  the  Colonial  Museum. 
12mo.  1870.  New  Zealand  Exhibition.  1865.  Beports  and 
Awards  of  the  Jurors.  8vo.  Dunedin  1866.  Descriptive  Catalogue 
of  the  Exhibits  in  the  New  Zealand  Court  of  the  Vienna  Exhibi- 
tion. 1873.  4to.  Official  Handbook  of  New  Zealand,  edited  by 
Sir  Julius  Yogel.  8vo.  1875.  Classified  Catalogue  of  the  Library 
of  the  General  Assembly  of  New  Zealand.  8vo.  1875.  Wise's 
Directory  of  New  Zealand  for  1875-76,  4to.  1875.  Statistics  of 
the  Colony  of  New  Zealand  for  1874.  folio.  Besults  of  a  Census 
of  New  Zealand,  1871.  folio.  1872.  Besults  of  a  Census,  1874. 
folio.  1875.  Dr.  Hector,  PJa.S. 

Statistics  of  the  Colony  of  New  Zealand  for  1873, 1874.  folio.    Be- 
sults of  a  Census  of  New  Zealand,  1874.  folio.  1875. 

The  Begistrar-General  of  New  Zeahmd. 


M'Lachlan  (B.)    Monographic  Bevision  and  Synopsis  of  the  Trichoptera 

of  the  European  Eauna.  Part  4.  8vo.  London  1876.  The  Author. 
Orsoni  (F.)    Bicerche  Elettro-Dinamiche  suUe  Botazioni  Paleogeniche. 

4to.  Nolo  1876.  The  Author. 

Preudhomme  de  Borre  (A.)    Notes  sur  des  empreintes  dinsectes  Fos- 

siles  decouvertes  dans  les  Schistes  Houillers  des  Environs  de  Mons. 

8vo.  Bruxelles.  The  Author. 

Bubenson  (B.)    Nederbordsmiingden  i  Sverige  harledd  urde  Vid  Statens 

Meteorologiska  Stationer  under  Aren  1860-1872.  Anstallda  Jaktta- 

gelser.  4to.  Stockholm  1876.  The  Author. 

Sopwith  (T.),  F.B.S.    Description  of  a  series  of  elementary  Geological 

Models.  12mo.  London  1875.  The  Author. 

Taylor  (W.  B.)     A  Notice  of  recent  Eesearches  in  Sound*  8vo.   Nwf 

Haven  1876.  The  Author. 


Digiti 


zed  by  Google 


1876.]  Presents.  461 

4prt7  27, 1876. 

Transactions. 

Amsterdam : — ^Koninklijke  Akademie  van  Wetenschappen.  Yerhande- 
lingen.  Deel  XV.  4to.  1875.  Afdeeling  Letterkunde.  Deel  VIII. 
4to.  1875.  Yerslagen  en  Mededeelingen.  Afdeeling  Naturkunde. 
Tweede  Beeks.  Deel  IX.  8vo.  1875.  Jaarbock  voor  1874.  8vo. 
Processen-Yerbaal  van  de  gewone  Yergaderingen,  1874-75.  8vo. 
Carmina  Latina.  8yo.  1875.  The  Academy. 

Batavia : — Koninklijke  Natuurkundige  Yereeniging  in  Nederlandsch- 
Indie.    Natuurkundig  Tijdschrift.  Deel  XXXIY.  8vo.  1874. 

The  Society. 
Harlem : — ^Mus^  Teyler.    Archives.  Yol.  lY.  fasc.  1.  roy.  8vo.  1876. 

The  Museum. 
Sod^t^  Hollandaise  des  Sciences.      Archives  N^erlandaises  des 
Sciences  Exactes  et  Naturelles,  r^digees  par  E.  H.  von  Baumhauer. 
Tome  X.  liv.  4,  5 ;  Tome  XI.  liv.  1.  8vo.  La  Haye  1875-76. 

The  Society. 
London: — ^Entomological  Society.    Transactions  for  the  year  1875. 
Part  2-5.  8vo.  The  Society. 

National  Association  for  the  Promotion  of  Social  Science.  Trans- 
actions. Brighton  Meeting,  1875.  Edited  by  C.  W.  Byalls.  8vo. 
1876.  The  Association. 

Physical  Society.    Proceedings.  Part  3.  8vo.  1876.      The  Society. 
Quekett  Microscopical  Club.    Journal.  No.  23.  8vo.  1873.    Seventh 
Beport.  8vo.  1872.  The  Club. 

Zoological  Society.  Transactions.  Yol.  IX.  Part  5,  6,  7.  4to. 
1875-76.  Proceedings  of  the  Scientific  Meetings  for  1875. 
Part  4.  8vo.  1876.  The  Society. 

Madrid : — ^Instituto  Geografico  y  Estadistico.  Memorias.  Tomo  I. 
roy.  8vo.  1875.   ^  The  Institution. 


Observations  &c. 
Leiden : — Stemwarfce.     Annalen,  herausgegeben  von  H.  G,  van  do 
Sande  Bakhuyzen.   Band  lY.   4to.   Haag  1875. 

The  Obsen^atory. 

Madrid : — Comision  del  Mapa  Geologico  de  Espaiia.      Memorias. 

Descripcion  de  la  Provincia  de  Cuenca  por  Daniel  de  Cortazar. 

roy.  8vo.  1875.    Boletin.  Tomo  II.  roy.  8vo.  1875. 

,  The  Commission. 

Observatorio.    Anoario.  Ano  11,  12.  12mo.  1871.    Observaciones 

Meteorologicas,  1868-69,1809-70.  2  vols.  8vo.  1870-71.    Bc- 


Digiti 


zed  by  Google 


462 


_  Btuncti  tie  laa  ObierfBicioEies  Meteorologicfls  efectoadas  ea  \^ 

m  PeoiiisuU,  1868-69»  186&*70.  2  voln.  8vo.  1S71-72.  fl 

V  The  Obsenrntorj^ 

I  Pnris  ; — BiiTt^U  des  Longitudes.     Coanalssaiioe  des  Temps  pour  Xwa 
I  1877*  Hvci.  1675.     Aimci^i^  paur  Tmi  1870,  12iiiOb 

k       t 

Fniser  (Dr*  T,  K.)  On  the  Antagt>nkm  betiraea  tlie  actions  ot  Phjso* 
stigma  and  Atropia.  4  to.  Editiburfjh  1872-  A  Preliminary  Notice 
of  tbe  Aka/^a  Ordeal  of  We&t  Africa-  Svo.  1SG7.  On  tlie  Oja- 
ractert)  of  the  Aka^ga  Plant.  8?o.  IBOS.  Electrolysb  in  Ameurian]* 
Svo-  1S67.  An  Inveatigsition  into  some  prcvionslj^  undeecriW 
Tetanic  symptoms  produced  b^  Atropia  in  Cold-blooded  AnimalJ. 
8ro.  1868.  Eeport  on  the  Antagonism  bet^roen  the  adaon  of  Acti^T^ 
Substances,  8iro,  1872,  Two  Lectures.  Svo,  1872.  On  tbe 
Kotnbt^  Arrow-poison  of  Africa.  8vo-  On  the  diangee  prodacfd 
bj  direct  Chemieal  Addition  on  the  Physiological  Action  of  oertam 
PotBon^.  8to,  1868.    The  effiMta  of  Uowing  on  the  Circul&tion.  Sfo* 

The  Aether* 

Knop  (W^llhelm)  Kcirpernioknilcs  Xach^eij^uiig  der  Tluatsache,  d^^s 
die  MoleieiSe  der  neaeren  Chemie  doich  Zosammenlegen  yen  Tetnie- 
dem  und  Oktaedem  atondstasch  nacbgefaildet  werdenkonnen.  8Ta 
Leipzig  1876.  The  Antiior. 

Moniefiore  (Sir  Moses),  F.BJ3.  Narrative  of  a  Forty  Days'  Sojouni  in 
tiie  Holy  Land.  roy.  Svo.  London  1875.  The  Antiior. 

Mueller  (Ferd.  von),  F.Sr.S.  Descriptive  Notes  on  Papuan  Plants.  L 
Svo.  Ifelhoume  1875.  Jf^ragmenta  Phytographi»  Aostralis.  YoL 
IX.  Svo.  1875.  "  The  Author. 

Walker  (C.  V.),  F.E.S.  Luiugural  Address  as  President  of  the  Sodely 
of  Telegraph  Engineers,  January  12, 1876.  Svo.  London. 

The  Autiior. 


Bronze  Medal  struck  to  commemorate  the  completion  of  the  great  Hun- 
garian Dictionary,  by  Q.  Cmcssor  and  J.  Fogaraai,  with  prajSles  <rf 
the  compilers.  The  Hungarian  Academy. 


Digiti 


zed  by  Google 


Reports  from  the  Challenger.* 


I.  ''Preliminary  Report  to  the  Hydrographer  of  the  Admiralty 
on  some  of  the  Results  of  the  Cruise  of  H.M.S.  '  Challenger ' 
between  Hawaii  and  Valparaiso/^  By  Professor  Wyville 
Thomson,  F.R.S.,  Director  of  the  Civilian  Scientific  Staflf  on 
Board.     Received  February  26,  1876.     Read  March  23. 

[Plates  15-19.] 

To  Captain  Evans,  C.B.,  F.E.S. 

SiB, — ^I  have  the  honour  to  report  that  we  left  Honolulu  on  the  11th 
of  August,  and  on  the  12th  we  sounded  in  2050  fathoms,  and  took  a 
series  of  temperature  observations  between  the  islands  of  Oahti  and 
Hawaii.  At  night  a  crimson  reflection  was  visible  in  the  position  of 
the  top  of  Mauna  Loa ;  but  as  we  understood  that  the  side  crater  of 
Kilauea  only  was  in  eruption,  we  supposed  that  that  was  some  great 
conflagration  of  forest  on  the  flank  of  the  mountain.  All  the  following 
day  we  steamed  against  a  head  wind  along  the  rugged  and  picturesque 
coast  of  Hawaii — ^headlands  of  lava  and  volcanic  ash  separated  by  deep 
wooded  ravines  or  "  gulches,"  with  a  rapid  hill-stream  running  in  the 
bottom  of  each.  The  top  of  Mauna  Loa  was  covered  with  clouds 
during  the  day ;  but  at  night  a  splendid  crimson  glare  hung  over  the 
mountain,  and  lit  up  the  clouds  to  a  wide  radius,  and  it  became  evident 
that  we  were  fortunate  enough  to  see  one  of  the  rare  eruptions  of  the 
summit  crater.  Early  on  Saturday  we  cast  auchor  in  Hilo  Bay ;  and  a 
party  of  us  made  arrangements  to  start  as  early  as  possible  for  the 
volcano  of  ^Ejilauea  thirty  miles  distant,  intending,  if  the  eruption  of  the 
summit  crater  continued  and  if  we  found  it  practicable,  to  push  on  to 
the  top  of  the  mountain.  We  left  Hilo  in  the  afternoon,  taking  mag- 
netic and  photographic  instruments  with  us,  and  rode  all  night  through 
the  forest  and  over  the  lava-flows,  reaching  the  rest-house  at  the  side  of 
the  crater  of  Kilauea  early  in  the  morning.  During  the  early  part  of 
the  night  the  light  from  the  summit  crater  was  very  brilliant,  but  it  be- 
gan to  pale  soon  after  midnight ;  and  when  we  arrived  at  Kilauea  we 
found  that  the  column  of  smoke  at  the  top  of  the  mountain  had  almost 
entirely  disappeared,  and  that  the  eruption  was  virtually  over.  This 
was  no  great  disappointment  to  us ;  for  we  had  learned  that  the  ascent  of 
the  upper  peak  could  not  be  undertaken  with  reasonable  safety  without 
mAch  greater  preparation  in  the  way  of  provisions  and  warm  clothing 
than  we  bad  had  time  to  make,  and  we  should  have  been  obliged  to  give 
up  the  idea  in  any  case.    In  the  afternoon  we  went  down  into  the 
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crater  and  walked  for  about  iiiiee  miles  ofer  liie  neadf  lend  l«fa  oE  flw 
eniptioii  of  1868 ;  we  then  dambered  iip  to  Ae  ndge  onwioolring  flw 
two  liquid  laya-lakes,  which  haTO  leniiiiiad  neadf  in  Oe  Mme  eondilion 
eince  1868.  We  were  greatly  aimck  with  the  finidity  of  liie  melted 
laya,  which  washed  about  in  tiie  baaina  with  Tezy  modi  the  appeaianee 
and  sound  of  water.  The  nig^t  was  pecfeeUy  still;  and  it  liad  a  most 
singular  effect  to  see  the  two  glowing  lakes  tossfaig  like  tlie  sea  in  a 
storm,  and  a  red  surf  dashing  against  the  rnirirrJing  rooks  and  qwriiiging 
forty  or  fifty  feet  into  the  air  in  wreaUis  of  fiezy  spny*  Tiaiitinaiit 
Bromley  and  I  recrossed  the  laya-bed  after  nightCsIl,  and  oar  goidB 
missed  the  ordinary  path.  In  serend  phoes  on  eitlier  side  of  ns  tihs 
sur&oe  of  the  lava  was  glowing  of  a  dnll  red,  and  we  could  see  Vbctoo^ 
the  cracks  the  crust  red-hot  a  couple  of  incfaea  under  oar  £eet»  and  tte 
liquid  lava  flowing  beneath  at  tiie  depili  of  about  half  a  yard. 

Observations  were  made  by  Lieutenant  Brandey  in  the  erater  and  en 
its  rim  with  the  **  Vol"  dip-oirdefdr  inclination  and  intensity,  and  wiik 
the  prismatic  compass  for  dedinatiatt.  Serenl  excellent  photogmphs  d 
the  crater  were  taken  during  the  day.  We  retuzned  to  the  a^p  on  tihe 
evening  of  the  16th,  and  on  the  19th  we  left  Hilo  and  proeeeded  undsr 
saQ  for  Tahiti,  2270  miles  distsnt. 

In  the  section  between  Hawaii  and  Tshiti,  running  almost  dbsellf 
southwards,  we  established  18  dbserving-stataons  at  average  intervals  sf 
160  miles.  At  each  of  these  stations  the  depth  was  taken,  the  bottom 
temperature  was  obserx-ed  with  two  thermometers,  a  bar  sample  of  the 
bottom  was  obtained,  a  specimen  of  the  bottom-water  was  brought  up 
for  examination,  serial  temperature  observations  were  made  to  a  depth 
of  1500  fathoms,  and  at  eight  stations  the  trawl  or  dredge  was  sent 
down  six  times  successfully,  and  twice  unsuccessfully.  Except  at  out 
station  close  to  Tahiti,  where  the  depth  was  1525  fathoms,  tho  depth 
ranged  throughout  the  section  from  2000  to  3000  fathoms,  with  a  mesa 
of  about  2600  fathoms,  and  the  nature  of  the  bottom  was  very  uniform. 
Except  in  the  neighbourhood  of  the  groups  of  volcanic  islands,  where  it 
was  found  to  be  largely  composed  of  volcanic  d^ris  and  shore  mud,  it 
consisted  mainly  of  red  clay,  in  many  of  the  soundings  containing  a  laigs 
admixture  of  the  deca3ring  shells  of  Foraminifera,  and  in  almost  all  in- 
cluding a  largo  proportion  of  manganese  peroxide  in  the  form  of  con* 
cretions,  from  tho  size  of  a  nut  to  that  of  an  Orbulina,  and  passing  into 
fine,  almost  microscopic  granules  visible  under  a  low  power  in  every 
sample  of  soimding.  In  two  patches  the  siUceous  skeletona  of  Badio- 
larians  wore  so  abundant  as  almost  to  entitle  the  deposit  to  the  name  of 
"  Eadiolarian  ooze ;"  and  a  patch  between  these,  nearly  halfway  between 
Hawaii  and  Tahiti,  in  its  abundance  of  surface  Foraminifera  approached  s 
true  "  Crlvbifjertna-oozeJ'  The  larger  samples  of  bottom  brought  up  in 
tho  dredge  or  trawl  had,  of  course,  the  same  general  character  as  the 
couteuts  of  tho  ''  Bailie  "  sounding-tubes ;  but  in  these  large  manganeee 
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concreidons,  up  to  the  size  of  an  orange,  or  even  larger,  were  col- 
lected in  quantity,  the  greater  part  of  the  red  day  being  usually  washed 
out. 

The  surface-temperature  naturally  rose  in  passing  southwards  from 
Hawaii  towards  the  equator,  and  again  sank  from  the  equatorial  belt 
towards  Tahiti.  The  isothermobaths  ♦  between  14°  C.  and  24°  C. 
gathered  together  and  approached  much  nearer  to  the  surface  in  the 
region  of  the  trade-winds,  owing  no  doubt  to  the  rapid  removal  of 
the  hot  surface-water  by  evaporation  and  the  driving  action  of  the  wind. 
Thus  the  isothermobathic  line  of  14°  C,  which  is  at  a  depth  of  200 
fathoms  a  little  to  the  north  of  Tahiti,  is  at  a  depth  of  100  fathoms  on 
the  line.  In  the  Atlantic  all  the  isothermobaths  seem  to  participate  in 
the  rise  in  the  region  of  the  trade-winds :  it  is  not  so  in  the  Pacific ; 
the  lines  below  14°  G.  uniformly  sink,  forming  a  depression  which 
extends  from  kt.  10°  N.  to  lat.  10°  S. ;  thus  the  isothermobath  of  6°  C, 
which  may  be  taken  as  a  type  of  these  deeper  lines,  is  found  in 
lat.  10°  K  at  a  depth  of  450  fathoms,  and  in  lat.  10°  S.  at  the  same 
temperature  within  the  limits  of  error  of  observation,  while  in  lat. 
2°  34'  N.  it  is  found  at  625  fathoms.  The  point  where  the  isothermo- 
baths gather  together  most  markedly  and  approach  nearest  to  the  sur- 
face is  a  little  to  the  north  of  the  northern  border  of  the  equatorial 
counter  current.  This  fall  of  temperature  is  so  decided  as  to  indicate 
some  special  areas  of  cold  water;  and  it  may  possibly  be  to  some  extent 
due  to  the  pressing  up  of  deeper  and  therefore  colder  layers  of  the  colder 
trade-current  against  the  hot  stream.  In  the  equatorial  region  between 
lat.  10°  N.  and  10°  S.  there  is  a  belt  of  water  about  80  fathoms  in 
thickness  at  a  temperature  generally  over  25°  C;  and  the  whole  of 
this  water,  with  the  exception  of  the  narrow  band  of  the  counter 
current,  is  running  to  the  westward  at  the  rate  of  from  40  to  70  miles 
a  day. 

The  bottom  fauna  over  the  whole  of  the  manganese  area  is  very  meagre, 
both  as  to  number  of  spedes  and  number  of  individuals.  It  can  scarcely 
be  said,  however,  that  its  scope  and  extent  were  fairly  tested;  for  the 
presence  of  manganese  nodules  is  almost  fatal  to  the  working  of  the 
trawl,  which  either  becomes  imbedded  and  impacted  among  them,  pro- 
ducing a  destructive  strain  on  the  line,  or  has  the  bottom  torn  out  of  the 
bag  on  the  way  up.    Still  in  every  haul  in  which  the  trawl  was  recovered' 

*  The  word  Isotherm  having  been  hitherto  so  epedally  appropriated  to  lines  paaiing 
through  places  of  equal  temperature  on  the  surface  of  the  earth,  I  hare  found  it  con- 
Tenient,  in  considering  these  questions  of  ocean  temperature,  to  use  the  tenoMlsothermo^ 
hath  and  hobaihytherm ;  the  former  to  indicate  a  line  drawn  through  points  of  equal 
temperature  in  a  rertical  section,  and  the  latter  a  line  drawn  through  points  of  equal 
depth  at  which  a  giyen  temperature  occurs.  Isothermobaths  are  shown  in  a  schema 
of  a  Tertical  section,  such  as  Plate  16.  Isobathytherms  are  of  course  projected  on  th« 
surface  of  the  globe. 
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We  took  advantage  of  a  week's  stay  at  Tahiti  to  sound  out  the  slope 
of  this  coral  reef,  and  to  determine  the  bathymetrical  distribution  of  the 
species  of  reef-building  corals.  This  investigation,  which  is  not  yet  fully 
worked  out,  will  form  the  subject  of  a  separate  report. 

We  left  the  harbour  of  Papeete  on  the  3rd  of  October,  and  proceeded 
southwards,  expecting  to  pick  up  the  westerly  winds  about  lat.  40**  S, 
We  sighted  the  island  of  Tubuai  on  the  7th ;  and  as  we  feU  in  with  a 
succession  of  southerly  instead  of  easterly  winds,  we  were  able  to  cut 
off  a  corner,  and  we  reached  the  parallel  of  40°  in  long.  132°  58'  W. 
From  that  point  we  ran  along  a  little  to  the  south  of  the  parallel  of  40^, 
encountering  no  regular  westerly  winds,  but  rather  heavy  weather  from 
the  south  and  north  and  calms,  as  far  as  long.  84°  39'  W.,  when  we 
altered  our  course  for  the  island  of  Juan  Fernandez,  steaming  most  of 
the  time  against  foul  winds  from  the  north  and  north-east.    We  reached 
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Juan  Fernandez  on  the  evening  of  the  13th,  and  remained  there  two 
dajB  observing  and  photographing  the  scenery,  and  making  such  col- 
lections of  animals  and  plants  as  it  was  possible  to  make  in  so  short  a 
time.  We  weighed  anchor  on  the  evening  of  the  16th,  and  stood 
towards  Valparaiso,  where  we  arrived  early  on  the  19th.  - 

The  section  from  Papeete  to  Valparaiso  (Plate  17)  is  about  6000 
miles  in  length,  and  is  naturally  divided  into  two  parts — ^the  run  south- 
wards to  the  parallel  of  40°  S.,  and  the  course  along  that  parallel  towards 
Valparaiso.  In  the  entire  section  we  established  20  stations  bearing 
numbers  from  279  to  298.  At  each  of  these  the  ordinary  bathymetrical 
and  temperature  observations  were  taken  successfully ;  and  the  trawl  or 
dredge  was  lowered  on  thirteen  occasions,  twelve  times  successfully ;  on 
one  occasion  the  trawl-line  carried  away. 

Setting  aside  Station  279  in  680  fathoms  close  to  Tahiti,  the  mean 
depth  throughout  the  section  was  2139  fathoms,  considerably  less  than 
that  of  the  meridional  section  from  Honolulu  to  Tahiti,  and  very  much 
less  than  that  of  the  section  in  the  North  Pacific  between  Japan  and 
San  Francisco.  The  nature  of  the  bottom  is  very  much  the  same  as  in 
the  meridional  section,  red  clay  imbedding  nodules  and  lumps  of  various 
sizes  of  manganese  peroxide,  and  passing  in  the  shallower  soundings  into 
more  or  less  pure  Olohigerifiar-ooze ;  and,  as  in  the  section  between  Hawaii 
and  Tahiti,  the  fauna  is  generally  meagre.  The  trawling  between  Juan 
Fernandez  and  Valparaiso  (Station  298)  was  particularly  interesting ; 
animal  forms  were  much  more  abundant  than  they  usually  are  in  the 
Pacific ;  and  the  general  character  of  the  assemblage  resembled  in  a  re- 
markable degree  that  of  the  fauna  of  the  Southern  Sea  in  the  neighbour- 
hood of  the  Crozets  and  Kerguelen,  many  of  the  species,  including  some 
singular  Urchins  of  the  family  Ananchytidaa,  being  identical.  The  bottom 
at  this  station  was  a  bluish  mud,  the  surface  layer  containing  little  or  no 
carbonate  of  lime,  and,  curiously  enough,  a  deeper  layer,  with  a  con- 
siderable proportion  of  (?2o^mna-sheIls.  There  was  no  considerable 
quantity  of  manganese  in  the  sounding.  Notwithstanding  the  consider- 
able depth  of  2226  fathoms,  the  conditions  in  this  locality  seem  much 
more  favourable  to  animal  life  than  even  the  manganese  area ;  and  I  am 
inclined  to  think  that  we  had  struck  upon  one  of  the  highways  by  which 
migration  takes  place  to  the  northward  from  the  Southern  Sea.  The 
f  oUowing  Table  (p.  468)  gives  the  proportion  in  which  the  principal  animal 
groups  are  represented  in  the  trawlings  in  this  section. 

From  Tahiti  to  Station  288,  in  lat.  40°  S.,  the  upper  temperatures 
fell  regularly  and  steadily ;  but  the  isothermobaths  below  80°  G.  showed 
rather  a  tendency  to  sink,  indicating  a  somewhat  thicker  layer  of  water 
at  a  temperature  above  3°  C.  towards  the  southward.  The  cause  of  this 
apparent  anomaly  will  be  discussed  hereafter.  From  Station  289  the 
isothermobailis  run  on  to  Valparabo  with  scarcely  an  oscillation  of  any 
importance  (Plate  18). 
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Although  there  are  oertom  points  which  hare  yet  to  be  worked  out  in 
detail,  the  general  distribution  of  temperature  in  the  Pacific  seemi 
sufficientlj  simple.  In  the  first  place,  the  whole  mass  of  water  consists 
of  two  weJl-marked  divisions — an  upper  layer  of  no  great  depth,  in  which 
there  is  rapid  cooling  from  the  sur&ce  downwards,  and  considerable 
variation  in  temperature  in  different  locaUties ;  and  a  mass  of  water  of 
incomparably  greater  amount,  which  extends  to  the  bottom,  and  which 
may  be  said  to  have  nearly  the  same  temperature  throughout.  These 
two  divisions  shade  into  one  another;  but  the  isothermobath  of  5^  C.  may 
be  taken  as  indicating  generally  the  limit  between  them ;  below  this  line 
the  isothermobaths  are  still  affected  by  surface  thermal  conditions,  bat 
comparatively  slightly.  Above  the  line  of  5°  C.  the  course  of  the  isother- 
mobaths is  to  all  appearance  entirely  regulated  by  causes  afbeting  the 
surface-temperature — ^that  is  to  say,  directly  or  indirectly,  by  surface  cur- 
rents produced  by  permanent,  periodic,  or  variable  winds.  The  equatoiisl 
current  occupies  the  region  of  the  trade-winds,  approximately  from 
lat.  20°  N.  to  20°  S.,  and  there  is  a  strong  but  narrow  counter  current, 
entirely  comparable  with  the  counter  current  ia  the  Atlantic  between 
the  parallels  of  5°  and  8°  N.    The  water  of  the  equatorial  cunrent  has 
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no  &ee  egress  to  the  westward,  being  intercepted  bj  the  peninsula  of 
Malacca  and  the  islands  of  the  Malay  archipelago ;  but  neither  is  it 
completely  arrested,  as  the  equatorial  current  is  in  the  Atlantic  by  the 
unbroken  coast  of  America ;  consequently  a  return  current,  less  perma- 
nent and  less  defined  than  the  return  current  in  the  Atlantic,  finds  its 
way  to  the  north-eastward  along  the  coast  of  Japan.  The  course  of  the 
Japan  current  is  much  the  same  as  that  of  the  Gulf-stream,  and  is  due, 
as  in  the  Atlantic  return  current,  to  the  high  initial  velocity  of  the  inter- 
cepted water ;  its  influence  on  the  temperature  of  the  ocean  is,  however, 
much  sooner  reduced  and  obliterated. 

The  hot  water  of  the  Pacific  equatorial  current  instead  of  being 
gathered  together  and  focused  by  the  form  oi  the  land-barrier,  as  it  is 
in  that  of  the  Atlantic,  spreads  out  in  the  Middle  and  West  Pacific  in  a 
Tast  sheet  of  abnormally  warm  water,  extending  to  a  depth  of  nearly 
100  &thoms ;  thus  the  isobathytherm  of  25^  C.  at  80  fathoms  passes 
near  Hawaii  and  Tahiti,  and  near  the  parallel  of  20*^  N.  on  sections 
between  the  Admiralty  Islands  and  Japan.  The  lower  isothermobaths 
of  the  upper  layer  are  a  little  nearer  the  surface  in  lat.  40°  N.  than  in 
lat.  40^  S. ;  and  this  I  believe  to  be  due  to  the  banking  of  the  Antarctic 
indraught  against  the  Arctic  land-barrier,  and  to  be  the  only  case  in 
which  the  position  of  the  lines  of  equal  temperature  in  the  upper  layer 
is  not  absolutely  dependent  upon  the  wind. 

The  temperature  of  the  underlying  cold  water  is  derived  from  another 
source,  and  its  distribution  is  governed  by  other  laws.  Throughout  the 
Pacific  the  isothermobath  of  5°  C.  maintains  on  the  whole  a  very  even 
course,  oscillating  between  the  400-  and  500-fathom  lines.  These  oscil- 
lations depend  upon  causes  acting  on  the  surface,  for  the  line  rises  and 
falls  in  harmony  with  the  higher  isothermobaths.  The  line  of  5°  C. 
deviates  sensibly  on  two  occasions  from  its  comparatively  straight  course. 
In  the  equatorial  region  it  sinks  to  a  depth  of  625  fathoms,  probably 
from  the  communication  of  heat  from  the  upper  layer  of  water  by  mixing; 
and  in  lat.  40°  it  rises  to  300  &thoms,  probably,  as  I  have  already  said, 
from  the  accumulation  of  cold  water  against  the  Arctic  barrier.  The 
next  three  degrees  of  temperature  are  lost  with  increasing  slowness  in 
^le  next  700  &thoms,  the  line  of  2°  C.  making  a  very  even  course  at  a 
depth  of  1100  fathoms,  and  the  remaining  degree  or  degree  and  a 
fraction  is  lost  between  1100  &thoms  and  the  bottom.  The  depth  of  the 
Fiusific  increases  slowly  from  the  south  to  the  north,  the  mean  difference 
between  the  depth  of  the  South  Pacific  and  that  of  the  North  being 
perhaps  as  much  as  1000  &thoms  (see  Plate  19,  and  the  results  of  the 
soundings  of  the  '  Tuscarora ').  Notwithstanding  this  increase  in  depth, 
we  have  satisfied  ourselves,  although  the  determination  is  one  of  great 
difficulty,  that  the  bottom-temperature  rises  slightly  from  the  south 
northwards.  We  can  scarcely  say  more  than  that  it  rises  slightly ;  for 
the  differences  in  the  temperatures  below  1500  fathoms  are  so  small  that 
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a  lesnlt  can  cmlj  be  arriYed  at  by  a  carafol  combniaiaan  and  eompariioa 
of  many  obflervatioiiB,  taking  into  full  consideaniitioii  the  Boon  of  tlie 
thermometers  arising  from  all  soarces.  Thoe  ia  a  J]kBTflqrdl[[)^  da- 
crease  in  the  bottom-temperatures  from  east  to  weat 

I  think  we  can  scarcely  doubt,  looking  at  such  a  diagram  aa  Hate  19, 
that,  like  the  similar  mass  of  cold  bottom-water  in  Ae  Atlantic^  the  boMcni- 
water  of  the  Pacific  is  an  extremely  slow  indraught  from  tibe  Sonthem 
Sea.  That  it  is  moving,  and  moving  from  a  cold  source,  is  evident  from 
the  fact  that  it  is  mudi  colder  than  the  mean  winter  temperature  of  the 
area  which  it  occupies,  and  colder  than  the  mean  temperature  of  Ae 
crust  of  the  earth;  tiiat  it  is  moving  in  one  mass  from  tiie  southward  is 
shown  by  the  uniformiiy  of  its  conditions,  by  the  gradual  riae  of  the 
bottom-temperatures  to  the  northward,  by  the  &di  that  tiiere  is  no 
adequate  northern  source  of  such  a  body  of  water  (Behring^s  Strait  being 
only  40  fathoms  deep,  and  a  considerable  part  of  that  area  being  occupied  - 
by  a  warm  current  from  the  Fadfio  into  the  Arctic  Sea^,  and  by  our 
Imowlege  from  observationB  that  one  or  two  trifling  currents  from  the 
Sea  of  Okotsk  and  the  Behring  Sea,  which  are  readily  detected  and 
localked,  and  are  quite  independent  of  the  main  mass  of  cold  water,  le* 
present  the  only  Arctic  iuAux.  During  its  progress  northwards  the 
upper  portion  of  the  mass  becomes  slightly  raised  in  temperature  by 
mixture  with,  and  possibly  by  slow  conduction  from,  the  upper  hiyen 
which  are  afEected  by  solar  heat.  At  the  end  of  the  Gulf  (that  is  to  say 
in  the  extreme  north,  furthest  from  the  cold  source)  the  temperature  is, 
as  I  have  already  pointed  out,  influenced  to  the  very  bottom  ;  and  the 
isothermobaths  between  8°  and  5^  C.  are  obnously  raised  and  pressed 
together,  probably  by  the  accumulation  of  the  cold  water  against  the 
laud.  The  colder  bottom-water  to  the  westward  might  be  expected,  from 
the  lower  initial  velocity  of  the  Antarctic  water  causing  it  to  drag  against 
the  west  coast. 

I  am  every  day  more  fully  satisfied  that  this  influx  of  cold  water 
into  the  Pacific  and  Atlantic  oceans  from  the  southward  is  to  be  re- 
ferred to  the  simplest  and  most  obvious  of  all  causes,  the  excess  of 
evaporation  over  precipitation  in  the  northern  portion  of  the  land  hemi- 
sphere, and  the  excess  of  precipitation  over  evaporation  in  the  middle 
and  southern  part  of  the  water  hemisphere. 

After  w  hat  I  have  already  said  I  need  scarcely  add  that  I  have  never 
seen,  whether  in  the  Atlantic,  the  Southern  Sea,  or  the  Pacific,  the 
slightest  ground  for  supposing  that  such  a  thing  exists  as  a  general  ver- 
tical circulation  of  the  water  of  the  ocean  depending  upon  differences  of 
specific  gra\ity, 

Valparaiso, 
Dec.  5,  1875. 
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On  Oceanic  Deposits  examined.  471 

II.  "  Preliminary  Reports  to  Professor  Wyville  Thomson,  F.R.S., 
Director  of  the  Civilian  Scientific  Stafi^,  on  Work  done  on  board 
the  '  Challenger/ ''  By  John  Murray,  Esq.,  Naturalist  to  the 
Expedition.  (Published  by  permission  of  the  Lords  of  the 
Admiralty.)    Received  Feb.  14, 1876.     Read  March  16. 
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1.  Preliminary  Report  on  Oceanic  Deposits   471 

2.  Preliminarj  Report  on  some  Surface  Organisms  and  their  relation  to  Oceanic 

DeposiU  632 

3.  Preliminary  Report  on  Vertebrates 537 

PeEFACB  to  PBELIMnfARY  ReFOBTS. 

The  Preliminary  Reports  have  been  prepared  at  the  request  of  Professor 
Wyville  Thomson.  They  have  been  compiled  during  the  past  three  weeks 
from  notes  taken  daily  during  the  past  three  years.  In  only  a  few  cases 
has  it  been  possible  to  refer  to  the  objects  remarked  upon,  they  having 
been  sent  home  for  greater  safety,  or  packed  away  beyond  reach.  When 
specimens  taken  early  in  the  cruise  can  be  placed  side  by  side  and  com- 
pared with  the  more  recent  revelations  of  the  trawl,  dredge,  or  sounding- 
tube,  many  of  the  statements  herein  made  may  require  to  be  modified. 

Reports  on  three  years'  work,  prepared  under  the  disadvantages  abov^ 
mentioned,  must  necessarily  be  very  incomplete ;  and  indulgence  may 
be  asked  till  the  final  Report  can  be  issued. 

To  all  my  coadjutors,  naval  and  civilian,  I  am  indebted  for  much 
assistance,  especially  to  Mr.  Wild  for  his  drawings,  to  Mr.  Buchanan  for 
much  information  concerning  the  chemical  constituents  of  the  bottoms, 
and  to  Professor  Thomson  for  assistance  and  advice,  not  only  in  pre- 
paring these  Reports,  but  also  while  carrying  on  the  investigations  of 
which  they  are  intended  to  give  some  account. 

JOHN  MURRAY. 

Valparaiso,  Chili, 
9th  December,  1875. 

1.  Preliminary  Report  on  Specimens  of  the  Sea-bottoms  obtained  in  the 
Soundings,  Dredgings,  and  Trawlings  of  H.M.S.  *  Challenger,'  in  the 
years  1873-75,  between  England  and  Valparaiso. 

Method  of  Work. — ^During  the  first  six  months  of  the  expedition  the 
sounding-apparatus  in  use  on  board  was  provided  with  a  very  narrow 
cylinder,  which  brought  up  only  a  very  small  quantity  of  the  bottom. 

In  July  1873  Capt.  Nares  had  a  much  larger  cylinder  fitted  to  the 
instrument,  one  with  a  2-inch  bore ;  and  later  on  he  caused  the  weights 
to  be  so  arranged  with  respect  to  the  cylinder  that  the  latter  projected 
some  18  inches  beneath  the  former. 

This  arrangement,  the  cylinder  of  which  is  always  provided  with  the 
common  butterfly-valve,  usually  gives  us  a  very  large  quantity  of  the 
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bottom  in  each  sounding.  Sometimes  the  tube  has  been  forced  fully 
18  inches  into  the  bottom,  and  has  brought  up  frequently  as  much  as  a 
quart  of  the  ooze,  mud,  or  clay.  When  the  tube  arrives  on  board  the 
contents  are  carefully  remoyed,  and  the  colour,  extent,  and  arrangement 
of  the  section*  is  noted.  A  portion  is  washed  several  times  in  distilled 
water  and  dried,  a  portion  is  submitted  to  a  rough  analysis,  and  the 
remainder,  if  any,  is  preserved  in  spirit. 
The  analysis  consists  in  determimng  so  far  as  possible  : — 

1.  The  kinds  of  organisms  present,  and  their  relative  abundance, 
whether  carbonate  of  lime  or  siliceous,  and  whether  alive  or  dead. 

2.  The  kind  and  quantity  of  amorphous  and  mineral  matter,  and  its 
ratio  to  the  remains  of  the  above  organisms. 

This  is  accomplished  by  decanting  the  finer  from  the  coarser  particles, 
and  examining  each  with  the  microscope.  When  carbonate  of  lime  is 
present  this  is  removed  by  weak  add,  and  the  specimen  is  again  examined. 
When  manganese  is  present  in  great  quantity  this  is  removed  by  strong 
hydrochloric  acid,  and  again  an  exanunation  is  made.  Very  frequently 
portions  of  the  upper  layers  are  placed  in  colouring  solutions  (as  carmine, 
magenta,  &c.),  for  the  purpose  of  rendering  more  distinct  any  organijsed 
material,  should  any  be  present. 

When  the  dredge  or  trawl  brings  up  mud,  a  considerable  quantity  is 
preserved  for  future  work,  and  what  remains  is  carefully  sifted.  The 
siftings  are  examined  and  preserved. 

Lately  it  has  been  the  custom  to  send  down  tow-nets  loosely  attached 
to  the  trawl  or  dredge  and  at  the  weights  in  front  of  the  trawl.  These 
often  bring  up  specimens  of  the  bottom  when  the  trawl  fails  to  do  so. 
As  these  nets  do  not  probably  sink  deep  into  the  ooze,  they  give  us  a 
surer  idea  of  the  nature  of  the  surface-layers  than  previously  obtained  by 
the  trawl  alone. 

List  of  the  Soundings  and  Bredgings,  with  an  abstract  of  the  nature  of  ike 
bottom  in  each  case  where  a  sample  has  been  procured. 

Explanatory  Note. — The  following  remarks  under  each  sounding  or 
dredging  have  been  abstracted  from  notes  made  daily  during  the  cruise. 
In  making  the  abstract  the  object  in  view  has  been  to  indicate  so  far  as 
possible  the  relative  abundance  in  each  sample  of — 

Bemains  of  carbonate-of-lime  oi^gamsms ; 

Bemains  of  siliceous  organisms ; 

Mineral  particles,  as  quartz  and  mica ; 

Glauconite,  pumice,  manganese,  Soc. ;  and 

Amorphous  clayey  and  calcareous  matter. 
It  has  been  thought  that,  however  incomplete,  such  an  abstract  will  in 
the  mean  time  be  useful  to  naturalists  and  geologists.    It  will  give  some 

*  i,  e,  the  vertical  seotion,  vbioh  Jji  aIwajtb  greater  the  farther  the  tnbe  has  been 
forced  into  the  oojee  or  da^, 
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idea  of  the  sainire  and  diatribation  of  the  deposits  which  ore  taking 
plaoe  in  the  oceans  and  seas  we  hare  yisited.    It  will  also  famish  some 
data  and  serye  as  the  basis  for  speculations  on  the  mode  of  origin  of — 
The  deep-sea  days; 

The  fonnation  of  the  manganese  nodules ; 

The  presence  of  the  remains  of  sur&ce  animals  (consisting  of  siliceous 

and   carbonate-of-Ume  organisms)  in  some  deposits,  and  their 

absence  in  others,  Ac. 

By  pelagic  Foraminifera  are  meant  species  of  Ohbigerina,  OrhuUna^ 

Puluinulina,  and  of  one  or  two  other  genera  which  are  still  undescribed, 

but  which  have  been  found  abundantly  in  the  surface-waters  of  the 

Pacific  and  South  Atlantic  oceans. 

When  the  final  Beport  is  prepared,  the  genera  or  species  of  the 
organisms  whose  remains  occur  in  each  sample  will  be  given.  So  also 
for  the  mineral  particles,  and  the  ratio  of  these  to  each  other  and  to  the 
amorphous,  clayey,  and  calcareous  matter  will  be  more  accurately  stated. 
At  the  present  moment  such  an  undertaking  is  in  no  way  possible. 
Those  things  which  are  most  abundant  in  the  sample  are  generally 
mentioned  first. 

Atlaktio  OCQBAir. 

England  to  GHhrdliar, 
30th  December,  1872.    Lat.  4P  37'  N.,  long.  9^  42'  W.    1125  fathoms. 
A  blue  mud  containing: — Amorphous  blue  clayey  matter;  many 
fine  mineral  particles ;  many  pelagic  Poraminif  era  and  Coccoliths 
and  Coccospheres. 

Sounding  1.  13th  January,  1873,  Lat.  38^  10'  N.,  long.  9°  14'  W. 
470  fathoms.  A  green  mud  containing :— ^Amorphous  clayey  matter ; 
many  sandy  particles;  pelagic  and  other  Foraminifera;  spicules  of 
sponges ;  pieces  of  Corallites.  Light  green-coloured  glauconitic  casts 
of  the  Foraminifera  remained  after  treatment  with  acid. 

Sounding  3.  14th  January,  1873.  Lat.  38^26'  N.,  long.  9^38'  W. 
560  fathoms.  A  dark  green  mud  containing : — ^Amorphous  matter 
and  many  dark  green  grains  and  other  nuneral  particles ;  pelagic 
and  other  Foraminifera,  JScAtnt-spines,  Ac.  Beautiful  glauconitic 
casts  of  all  the  carbonate-of-Ume  organisms  remained  after  treatment 
with  add. 

Sounding  4.  14th  January,  1873.  Lat.  38^22'  K,  long.  9°  44'  W. 
1290  fathoms.  A  blue  mud  containing : — ^Much  amorphous  matter ; 
many  black,  green,  and  white  mineral  particles ;  many  pelagic  Fora- 
minifera and  few  shells  of  Mollnsca ;  a  few  casts  of  the  Foramini- 
fera in  glauoonite. 

Sounding  5.  14th  January,  1873.  Lat.  38^4'  K,  long.  9°  49'  W. 
1475  fathoms.  A  blue  mud  containing : — ^Amorphous  matter ;  many 
fine  and  some  coarse  mineral  partides  of  green,  white,  and  black 
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colour;    some  pelagic  Forammifer«i  and  Cw^coliths*     One  or  two 

green  casta  of  tLe  Foraminifera  remamed  after  treatment  with  a^id, 

Sounding   6,     14t1i   January,  1873,     Lat.  88^  0'  K,,  long.  9^  43'  W, 

^       1380  fathoDiB.     A  blue  mud  contamiug ; — Amorphous  matter ;  many 

^       fine  mineral  particles,  whit-e  and  green  ;  a  few  pelagic  Foramioifera 

and  many  Coccoliths  ;  a  few  greeu  ea^ta  of  the  Foramiuifera* 

Hounding  7*     14th  January,  1873.     Lat.  3TB^'  N.,  long.   10°  8'  W, 

1800  fathoms.     A  blue  mud  containing : — ^Much  amorphoui  clayey 

lb       matter  i  mauy  small  mineral  particles  ;  a  few  pelagic  Foramimfera, 

"       Coccoliths,  and  lihabdoliths. 

Soimding  B.     15th  January,  1873.     Lat.  37^2'  K„  long*  e""  23'  W, 

II 000  fathom  s.  A  b1  ue  m  ud  con  tmning : — Much  am  orj)  h  ou  e  matter ; 
many  fine  mineral  particles,  whita  and  green ;  some  pelagic  and 
other  Foramunfera  and  Coccolitha ;  many  green  caste  (glauconitie) 
of  the  Foraminifera  aftfr  treatment  with  acid. 
Soundings  9, 10,  &  11,  I^t.  36^  58'  N,,  long,  9^  14^  W.,  and  lat.  37=  2  X., 
long.  9^  14'  W.  525,  900,  and  600  fathoms  respectiTelj,  Gave  a 
^       blue  mud,  as  in  Xo.  3,  ^^^^j^^^^^ 

GikraUat  to  Madeira. 
Somding  12.    28th  Jtaomtj,  1878.    Lat.  a6<'4r  N.»  long.  8^23' W. 
1090  fathoms.    A  GMdffenna-ooEe  cdntaining : — Terj  man j  pelagie 

Foramimfera,  Coccoliths,  and  Ehabdoliths;  a  few  white  mineral 
particles ;  one  or  two  Sadiolarian  remains ;  amorphous  calcareous 
matter. 

Sounding  14.  30th  January,  1873.  Lat,  36°  23'  N.,  long.  11°  18'  W. 
1525  fathoms.  A  Olohigerina-ooze  containing : — Very  many  pelagic 
Foraminifera,  Coccoliths,  and  Ehabdoliths;  a  few  white,  red,  and 
black  mineral  particles;  one  or  two  Badiolaria;  amorphous  cal- 
careous matter. 

Sounding  16.  1st  February,  1873.  Lat.  34°  4'  N.,  long.  14°  18'  W. 
2250  fathoms.  A  white  Globigervna-ooze  containing : — Many  pelagic 
Foraminifera,  Coccoliths,  and  Ehabdoliths ;  a  few  small  white  crys- 
talline particles ;  one  or  two  Eadiolana ;  some  amorphous  calcareous 
matter. 

Sounding  17.  2nd  February,  1873.  Lat.  32°  43'  N.,  long.  16°  62'  W. 
2225  fathoms.  A  yellow  Olohigerin€t-ooze  containing : — Many  pela- 
gic Foraminifera,  Coccoliths,  and  Ehabdoliths  ;  a  good  many  mineral 
particles  (Olivinite) ;  a  few  manganese  grains  ;  a  few  Eadiolaria. 

Sounding  18.  2nd  February,  1873.  Off  Madeira  Island.  670  fathoms. 
A  sand  composed  of  broken  pieces  of  coral,  Z^poA-yalyes,  Echini' 
spines,  pelagic  and  other  Foraminifera  (these  were  aU  dead,  and 
had  a  slight  coating  of  the  black  oxide  of  manganese) ;  many  olivine 
and  other  mineral  particles. 
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Sounding  19.  2nd  February,  1873.  South  of  Bugro  Island.  1150  fathoms. 
A  grey  mud  containing : — ^Much  yolcanic  sand,  as  oliyinite ;  pelagic 
Poraminifera  and  Gtwteropod,  Fteropod,  and  Heteropod  shells, 
Coccoliths ;  a  few  siliceous  spines,  but  no  Badiolaria  were  observed. 

Sounding  20.  2nd  February,  1873.  930  &thoms.  A  grey  mud  con- 
taining : — ^Much  yolcanic  sand  and  many  very  fine  mineral  particles ; 
a  few  pelagic  Foraminifera,  Pteropods,  and  surface  Gtwteropods,  a 
few  Ck>ccoliths ;  no  siliceous  remains  were  observed. 

Sounding  21.  2nd  February,  1873.  1500  fathoms.  A  grey  mud  con- 
taining : — ^Much  volcanic  sand  (red,  white,  and  black  particles  and 
olivine);  a  good  many  pelagic  Foraminifera;  Fteropod,  surface 
Gasteropod,  and  Heteropod  shells ;  Coccoliths  and  Bhabdoliths ;  a 
few  siliceous  spines  and  Badiolaria. 

At  Canaries, 

Sounding  25.  10th  February,  1873.  278  fathoms.  A  dark  grey  mud 
or  sand  containing: — ^HLbolj  volcanic  sandy  particles ;  a  few  pelagic 
Foraminifera,  Pteropods,  Gasteropods,  and  Coccoliths ;  one  or  two 
siHc^us  spines. 

Soundings  26  and  28.  At  630  and  660  fathoms  respectively.  The  same 
as  No.  25. 

Sounding  29.  10th  February,  1873.  78  fathoms.  A  coarse  sand  formed 
of  d Aris  of  volcanic  rocks,  with  pieces  of  Echinoderms,  Foraminifera, 
molluscous  shells,  Ac 

Sounding  31.  10th  February,  1873.  640  fathoms.  Off  Teneriffe.  A 
grey  mud  containing : — Much  volcanic  sand,  black,  white,  and  red  in 
colour,  and  olivine;  some  pelagic  Foraminifera,  Pteropods,  pehigic 
Ghusteropods,  and  Heteropod  shells ;  a  few  Coccoliths ;  one  or  two 
Badiolaria. 

Sounding  33.  11th  February,  1873.  1750  fathoms.  A  grey  mud  con- 
taining : — ^Yery  many  fine  particles  of  volcanic  sand  of  black,  white, 
and  red  colour,  and  amorphous  clayey  matter ;  a  good  many  pelagic 
Foraminifera  and  Coccoliths ;  one  or  two  Badiolaria. 

Sounding  36.  12th  February,  1873.  620  fathoms.  A  grey  mud  con- 
taining:— ^Yery  many  particles  of  volcanic  sand  and  amorphous 
clayey  matter;  many  pelagic  Foraminifera,  Pteropods,  and  other 
surface  shells. 

Sounding  37.  15th  February,  1873.  1800  fathoms.  Lat.  27*24'  N., 
long.  16°  55'  W.  A  grey  mud  containing : — ^Many  fine  particles  of 
volcanic  sand  of  white,  black,  and  red  colour;  pelagic  Foraminifera, 
Coccoliths,  and  Bhabdoliths ;  a  few  Badiolaria. 

Sounding  38.  17th  February,  1873.  1945  fathoms.  Lat.  26^  16'  N., 
long.  19°  14'  W.     A  Ohbif^mna^ooxe  containing :— Very  many 
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pelagic  Forammifem  and  Coccoliths  and  some  Pt^ropocl  ehetls  j  ft 

few  niineral  portkJes* 
Soundings  39  Jt  40.  18th  February,  1873.    1525  fathom*,   Lat25M5'XH 

long,  SO"*  12'  W.  Nothing  in  the  iotmding-hibe* 
The  dredge  brought  up  ft  large  quantity  of  dead  coral,  a  branehiwg 
gorgonoid.  The  axis  of  this  coral  was  white ;  but  the  lurfaca  wns  black, 
"vrith  a  thick  coating  of  manganese.  Some  pelagie  Forammifera  and 
Pteropod  shells  adhered  to  the  base  of  the  coral,  and  about  a  largw 
Biliceoua  sponge. 
Sounding  42.     21st  February,  1873.     2740  fathoms,     Lat,  24'' 20'  N,, 

lotsg*  24^  28'  W,     A  red  clay  containing : — Much  amorphous  matter ; 

very  many  exceedingly  fine  mineral  particles ;  a  few  whole  find  ii 
^_     good   many  broken  parts   of   pelagic   Foraminifera ;    one  or  twu 

Badiolaria, 
Sounding  43.    2drd  Febnxaif,  1878.    hsoh&oam.    Imt. 23^22^ K^ 

long.  27^  49*  W«    AMdiliiy^ixliitei^^ 

muiy  veiy  fine  niiiflril  pitttdas  I  »  9^ 

and  tiieir  hrakm  pttrte» 

Sounding  44.    24th  Febniar|r,  1878.    27^  h&am.    IaI.  28^  UT  N., 
laiig.d(^66'W.    AniMaf^imMaiBgt^^^wt$^^ 
mineral  partides,  tH  aeoeedingl j  fine  and  in  immenaa  tundMii ;  a 

few  remains  of  broken  pelagic  Eoramini&ra ;  no  siliceous  remains 

observed. 

Sounding  45.  25th  February,  1873.  2800  fathoms.  Lat.  23*"  12'  N., 
long.  32°  56'  W.  A  red  clay  containing: — Much  amorphous  matter 
and  very  many  exceedingly  fine  mineral  particles;  a  few  broken 
remains  of  pelagic  Foraminifera. 

Sounding  46.  26th  February,  1873.  3160  fathoms.  Lat.  23°  23'  N., 
long.  35°  10'  W.  A  red  clay  containing : — Much  amorphous  matter 
and  many  very  small  mineral  particles ;  a  few  broken  pieoes  of  pelagic 
Foraminifera ;  a  few  manganese  grains. 

Sounding  47.  28th  February,  1873.  2720  fathoms.  Lat.  23°  10'  N., 
long.  38°  42'  W.  A  red  cby  containing : — Much  amorphous  matter ; 
very  many  small  white  and  red  mineral  particles;  a  few  pelagic 
Foraminifera. 

Soundin  g  48.  Ist  March,  1873.  2575  fathoms.  Lat.  22°  35'  N.,  long. 
40°  37'  W.  A  red  clay  containing  : — Much  amorphous  matter ; 
very  many  exceedingly  fine  mineral  particles ;  a  good  many  pelagic 
Foraminifera,  Coccoliths,  and  Bhabdoliths. 

Sounding  49.  3rd  March,  1873.  2025  fathoms.  Lat.  21°  67'  N.,  long. 
43°  29'  W.  A  Glohigerinor-ooie  containing : — Very  many  pelagic 
Foraminifera,  Coccoliths,  and  Bhabdoliths ;  a  great  many  manganese 
particles,  many  of  them  rather  large ;  many  pieces  dt  a  cherty- 
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like  mineral  of  a  red  colour  (a  silicate) ;  a  few  white  mineral  par- 
ticles. 
Sounding  60.  4th  March,  1873.  1900  fathoms.  Lat.  21*  38'  N.,  long. 
44°  39'  W.  A  Qlohigerina<tow  containing : — Very  many  pelagic 
Foramimfera,  CoccoUths,  and  Bhabdoliths;  many  red-coloured 
mineral  partides,  and  a  few  manganese  particles. 

Sounding  61.  6th  March,  1873.  1960  fathoms.  Lat.  2V  V  N.,  long. 
46°  29'  W.  A  Ohhigerina-QOfA  of  a  red  colour  containing: — ^Very 
many  pelagic  Foraminifera,  Bhabdoliths,  and  Ooccoliths ;  many  very 
fine  white-coloured  mineral  particles  (sanidin) ;  a  good  many  small 
manganese  particles,  to  which  the  colour  of  the  sounding  is  to  some 
extent  due. 

Sounding  62.  6th  March,  1873.  2325  fathoms.  Lat.  20°  49'  N.,  long. 
48°  45'  W.  A  OlohigerinorootB  of  rose-colour  containing : — ^Very 
many  pelagic  Foraminifera,  Ooccoliths,  and  Bhabdoliths;  much 
amorphous  matter,  and  rery  many  fine  white  mineral  particles ;  a 
few  Badiolarian  remains. 

Sounding  53.  7th  March,  1873.  2435  fathoms.  Lat.  20°  39'  N.,  long. 
60°  33'  W,  A  red  clay  containing: — ^Much  amorphous  clayey 
matter ;  many  fine  white  and  red  mineral  particles ;  a  few  manga- 
nese particles ;  a  good  many  remains  of  pelagic  Foraminifera,  Ooc- 
coliths and  Bhabdoliths ;  a  few  Badiolarians. 
The  dredge  brought  up  some  grey-coloured  concretions  covered  with 

manganese,  also  a  few  sharks'  teeth  and  valves  of  a  Scalpellum  covered 

with  a  thin  coating  of  manganese. 

Sounding  64.  8th  March,  1876.  2385  fathoms.  Lat.  20°  7'  N.,  long. 
62°32'W.  A  red  clay  contaming: — Much  amorphous  matter; 
many  exceedingly  fine  mineral  particles ;  many  pelagic  Foraminifera, 
Ooccoliths,  and  Bhabdoliths ;  a  few  manganese  grains. 

Sounding  55.  10th  March,  1873.  2675  fathoms.  Lat.  19°  41'  N.,  long. 
65°  13'  W.  A  red  clay  containing: — Much  amorphous  clayey 
matter;  many  very  small  crystalline  particles;  a  few  whole  and 
some  broken  parts  of  pelagic  Foraminifera. 

Sounding  56.  1 1  th  March,  1873.  3000  fathoms.  Lat.  19°  16'  N.,  long. 
57°  47'  W.  A  red  or  grey  clay  containing : — ^Amorphous  matter 
and  exceedingly  fine  mineral  particles ;  a  small  piece  of  shell  and  a 
portion  of  a  siliceous  spine  were  the  only  traces  of  organisms ;  a  few 
manganese  particles. 

Sounding  57.  12th  March,  1873.  2976  fathoms.  Lat.  18°  56' N.,  long. 
59°  35'  W.  A  red  clay  containing : — ^Much  amorphous  matter  and 
very  many  exceedingly  fine  mineral  particles;  a  few  remains  of 
pelagic  Foraminifera ;  one  or  two  portions  of  a  siliceous  spine. 

Sounding  58.    13th  March,  1873.    3025  fathoms.    Lat.  18°  64' N.,  long. 
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,  61^  2B'  W.     A  red  clay  contaming :— Much  amorphous  mi^er; 

^^  many   small   white   and   yellow-coloured  mineral  particles ;   three 

^H  smaU  fragments  of  Ghhigirina  and  two  pieces  of  ii  sOiceouB  apuie 

^^  were  the  only  traces  of  organisms  noticed. 

Sounding  59.     14th  March ,  1873.     1420  fathoms,     l^at,  18°  40'  N.,  long. 
62^  56'  W*     A  Qhhigerin€b-OQ7j&  containing ; — Many  pelagic  Fon«( 
'  minifera;  Pteropods,  pelagic  Graateropods,  Heteropods,  CoccoUtti, 

L         and  EhabdoHtha  ;  a  few  mineral  particles  of  a  white  colour ;  a  few 
^H    Badiohiria  and  sihceous  spines.  h 

Tfeunding  fiO.     15th  March,  1873.     4Gi}  and  390  fathoms.     North  oP^ 
Calebra  Island.     A  coral  mnd  containing  \ — Many  pelagic  Foraini- 

[  nifera,   Pteropods,  Heteropods,  small  larval  Ghisteropods  ;    Echin^r^^ 

spines;  a  few  OooooHtiis;  %  good  maayiatibfir  odine  ttisflnil  ps^ 
tides  of  white  and  bbdc  odoiir;  a  g^od  miuqr  siUoeoiui  i^ineB  and 
Badiokria;  amorphooa  eakaxeoiifl  maMer;  one  east  ol  a  Efwamintfar 
of  a  led  cdmxr. 

/Sk.  ThomaiB  to  BeriMida. 

fitation  24«  2SiJi  Maich,  1878;  390  and  625  bOixmA.  KotA  d 
Galefara  Ldand;  A  eml  i&iid  containing : — Mndh  amoqplioas  od- 
careouB  matter;  a  gr^d  laany  lemains  of  pe^gie  Foraaiini£eni 

Pteropods,  surfioce  Gasteropods,  Goocoliths,  and  Bhabdoliihs ;  a 

good  many  small  white  crystalline  particles;  one  or  two  cast«  of 
Foraminifera  in  a  dark  red  substance. 

Sounding  61.  26th  March,  1873.  3875  fathoms.  Lat.  19°  41 '  N.,  long. 
65°  7'  W.  A  blue  mud  (red  on  the  top,  then  a  layer  of  blue  or  slate- 
colour,  the  lower  layers  of  a  grey  colour)  containing : — Much  amor- 
phous matter ;  many  very  small  crystalline  or  mineral  particles ;  a 
good  many  broken  pieces  of  pelagic  Foraminif era ;  Pteropods  and 
Heteropods  ;  a  few  Coccoliths  and  Ehabdoliths.  The  lower  layers 
appeared  to  contain  more  carbonate  of  lime  than  the  upper  ones. 

Sounding  62.  27th  March,  1873.  2800  fathoms.  Lat.  21°  2&  N.,  long. 
65°  16'  W.  A  red  clay  containing: — Much  amorphous  matter: 
very  many  fine  mineral  particles ;  a  few  remains  of  pelagic  Forami- 
nif era,  and  one  or  two  Coccoliths  ;  one  or  two  manganese  grains. 

Sounding  63.  28th  March,  1873.  2960  fathoms.  Lat.  22°  49'  N.,  long. 
65°  19'  W.  A  red  clay  containing : — Much  amorphous  clayey 
matter;  very  many  exceedingly  fine  mineral  particles ;  a  few  broken 
remains  of  pelagic  Foraminifera. 

Sounding  64.  29th  March,  1873.  2850  fathoms.  Lat.  24°  39'  N.,  long. 
65°  25'  W.  A  red  clay  containing : — Much  amorphous  clayey  matter ; 
many  exceedingly  fine  whito  mineral  particles;  a  few  broken 
remains  of  pelagic  Foraminifera ;  one  or  t\^^o  manganese  grains. 
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Sounding  65.  Slst  March,  1873.  2700  fathoms.  Lat.  2r  49' K,  long. 
64°  69'  W.  A  red  clay  containing: — ^Much  amorphous  matter; 
many  very  fine  mineral  particles ;  a  good  many  remains  of  pelagic 
Poraminifera  and  Coccoliths;  no  remains  of  siliceous  organisms 
were  observed. 

The  dredge  brought  up  much  mud ;  in  the  siftings  were  found : — 
a  few  manganese  pellets;  a  few  arenaceous  Foraminifera,  Nodo- 
sarias,  &c. ;  Biloculina,  Rotalia^  and  Carpenteria  on  a  concretion ;  a 
few  pieces  of  red  cherty-like  mineral ;  a  few  concretions  of  the 
bottom ;  a  small  piece  of  pumice  (?) ;  one  Echinuss^^me ;  a  small 
shark's  tooth. 
The  tests  of  the  arenaceous  Foraminifera  were  chiefly  small,  white, 

mineral  particles ;  and  these,  I  think,  are  from  broken-^own  pieces  of 

pumice. 

Sounding  66.  1st  April,  1873.  2600  fathoms.  Lat.  29°  5'  N.,  long. 
65°  1'  "W.  A  red  clay  containing: — Much  amorphous  matter; 
many  very  fine  mineral  particles ;  a  good  many  pelagic  Foraminifera, 
with  Coccoliths  and  Ehabdoliths. 

Sounding  67.  3rd  April,  1873.  2475  fathoms.  Lat.  31°  24'  N.,  long. 
65°  00'  W.  A  red  clay  containing : — ^Much  amorphous  clayey  matter ; 
many  fine  crystalline  and  mineral  particles ;  a  good  many  pelagic 
Foraminifera,  Coccoliths,  and  Ehabdoliths,  and  some  amorphous 
calcareous  matter ;  one  siliceous  spine,  but  no  Eadiolaria  observed. 

Sounding  68.  3rd  April,  1873.  2250  fathoms.  Lat.  31°  49'  N.,  long. 
64°  56'  W.  A  coral-mud  containing : — Many  pelagic  Foraminifera, 
Coccoliths,  Ehabdoliths,  and  broken  pieces  of  dead  coral ;  amorphous 
calcareous  matter;  a  few  mineral  particles  (some  green);  a  few 
siliceous  spines  and  Eadiolaria. 

Sounding  69.  3rd  April,  1873.  1820  fathoms.  Lat.  32°  l'N.,long. 
64°  50'  W.  A  coral-mud  containing : — ^Many  pelagic  Foraminifera, 
Pteropods,  and  other  surface  shells,  Coccoliths,  and  Ehabdoliths ; 
broken  pieces  of  Coral,  Polyzoa,  and  JScAini-spines  ;  amorphous  cal- 
careous matter. 

Sounding  70.  30th  April,  1873.  950  fathoms.  A  coral-mud  contain- 
ing : — Pelagic  Foraminifera,  Pteropods,  and  surface  Gkisteropods ; 
broken  pieces  of  Coral,  Polyzoa,  &c.  ;*  much  amorphous  calcareous 
matter ;  a  few  siliceous  spines  and  Eadiolaria. 

Sounding  70  A.  4th  April,  1873.  435  fathoms.  Off  Bermuda.  A  coral- 
mud  containing : — Much  amorphous  calcareous  matter;  pelagic  and 
other  Foraminifera,  Pteropods,  &c. ;  broken  pieces  of  Coral,  Polyzoa, 
Ac, ;  a  few  siliceous  spines. 

Soundings  off  the  reef  at  Bermuda,  about  a  mile  from  the  edge  of  the 
reef,  in  the  gun-boat,  gave  always  a  coral-sand  containing : — ^Broken 
TOL,  XXIT.  ^  , 
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pieces  of  coral;  Polyzoa,  Serpula,  large  Foraminifera,  Textalana^ 
Nodosaria,  Crystellarias,  &c. ;  broken  pieces  of  Echinoderm  shells  &c. 

Sounding  71.  21st  April,  1873.  1375  fathoms.  A  coral-mud,  same  as 
No.  69.    Specimen  not  preserved. 

Sounding  72.  22nd  April,  1873.  2450  fathoms.  Lat.  32=  39'  X., 
long.  65°  6'  W.  A  coral-mud  containing  : — ^Much  amorphous  cal- 
careous and  a  little  clayey  matter ;  many  pelagic  Eoramiuifera  and 
Goccoliths;  a  few  siliceous  spines;  a  few  mineral  particles,  some 
green,  some  of  an  olive-colour  (serpentine  and  olivine  ?). 

Soimding  73.  22nd  April,  1873.  2100  fathoms.  Lat.  32^  26'  X.,  long. 
65"^  9'  AV.  A  coral-mud  containing  : — Many  pelagic  Foraminifera, 
Pteropods,  other  surface  shells,  Goccoliths,  and  EhabdoUths ;  broken 
pieces  of  Coral,  Polyzoa,  and  shore  forms  of  Foraminifera ;  a  few 
siliceous  spines  and  Eadiolaria. 

Sounding  74.  22nd  April,  1873.  1950  fathoms.  Lat.  32°  15'  N.,  long. 
65°  8'  W.  Same  as  last,  with  more  pelagic  shells  and  larger  pieces 
of  broken  coral. 

2i3rd  April,  1873.  32  fathoms.  About  13  miles  S.W.  of  Bermuda.  A 
hard  bottom  composed  chiefly  of  large  pieces  of  broken  Serpula  reefs, 
on  which  were  CrysUUaria  and  other  large  Foraminifera,  Alcyona- 
rians,  &c. 

SoLiiidLiig  75.  24th  April,  1873.  2050  fathoms.  Lat.  32  19'  X.,  long. 
()o  39'  AV.  A  coral-mud  containing : — !Maiiy  pelagic  and  other 
roraminifera  and  their  broken  parts;  many  Coecoliths  and  Ehab- 
doliths;  amorphous,  calcareous,  and  some  clayey  matter;  a  few 
mineral  particles,  white  and  yellow  (mica) ;  a  few  siliceous  spines 
and  Kadiolaria. 

^SouycLLng  7().  25th  April,  1873.  2G00  fathoms.  Lat.  33  3'  X.,  long. 
00  32'  W.  A  grey  clay  containing: — Much  amorphous  clayey 
matter;  many  fine  mineral  particles,  some  of  a  yellow  colour,  others 
white;  a  good  many  pelagic  Foraminifera,  Cucculiths,  and  Ehabdo- 
lilhs;  a  few  manganese  grains. 

t^oundin^  77.  27th  April,  lb73.  2850  fathoms.  Lat.  34  3'  X".,  long. 
^u"^  32'  AV.  A  red  clay  containing: — Aluch  amorphous  clayey 
matter;  many  very  line  and  some  rather  coarse  mineral  particles — 
mica,  quartz,  olivine  (?),  (S:c. ;  a  good  many  pelagic  Fonmiinifera 
and  some  Goccoliths. 

Sounding;  78.  28th  April,  1873.  2075  fathoms.  Lat.  34^  51'  X.,  loni:. 
()S'  3()'  W.  A  small  quantity  of  mud  came  up  in  the  dredge  wliieh 
indicated  a  bottom  same  as  the  last. 

Sonndint,'  71).  3oth  April,  1873.  24lC)  fathoms.  Lat.  35  5>'  X.Joni:. 
70  39'  W.  A  blue  mud  with  reddish  np])er  layer  containing: — 
Much  amorplious  clayey  matter;  many  fine  and  oanrRO  minenil  par- 
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tides,  as  quartz,  mica,  &c.,  and  a  gl*een  and  red  mineral ;  a  good 

many  pelagic  Poraminifera  and  Coccoliths;  a  few  Badiolaria  and 

Diatoms  {Coccinodiscu$  &c.). 
Sounding  81.    2nd  May,  1873.    1700  fathoms.    Lat.  37°  26'  N.,  long. 

71°  40'  W.    A  blue   mud  containing : — Much  amorphous  clayey 

matter ;  many  fine  and  coarse  mineral  particles,  as  quartz,  mica,  &c. ; 

a  good  many  pelagic  Foraminifera  and  Coccoliths;  a  good  many 

Diatom  remains  and  a  few  Badiolaria. 
Sounding  82.    3rd  May,  1873.    1240  fathoms.    Lat.  38**  34'  N.,  long. 

72°  10'  W.    A  blue  mud  containing ;— Amorphous  clayey  matter ; 

many  coarse  mineral  particles  as  quartz,  mica,  granitic  pebbles,  <&c. ; 

a  few  pelagic  and  other  Eoraminifera,  Coccoliths;  a  good  many 

Diatom  remains. 

Sounding  83.  6th  May,  1873.  1350  fathoms.  Lat.  40°  17'  N.,  long. 
66°  48'  W.    A  blue  mud,  same  as  the  last. 

Sounding  84.  7th  May,  1873.  1340  fathoms.  Lat.  41°  16'  N.,  long. 
66°  45'  W.  A  blue  mud  comprised  of : — ^Amorphous  matter ;  an 
immense  number  of  mineral  particles  and  pebbles ;  pelagic  Forami- 
nifera and  Coccoliths;  a  few  Diatoms ;  a  few  glauconitic  casts  of  the 
Foraminifera  were  noticed  after  treatment  witii  add;  a  block  of 
cyanite  (5  cwt.)  came  up  in  the  dredge. 

8th  and  20th  May,  1873.  75  and  83  fathoms.  Lat.  43°  2'  N.,  long. 
64°2'W.,andlat.  43°3'N.,  long.  63°39'W.  Le  Havebank.  The 
bottom  was  composed  of  sand  and  gravel.  Two  or  three  Foramini- 
fera and  glauconitic  casts. 

Sounding  85.  2l8t  May,  1873.  1250  fathoms.  Lat.  42**  8'  N.,  long. 
63*^  31'  W.  A  blue  mud  containing: — Amorphous  matter ;  very 
many  sandy  particles  (quartz,  mica,  &c.) ;  a  good  many  pelagic  and 
other  Foraminifera ;  Coccoliths  and  Ehabdoliths ;  a  few  Diatoms  and 
Sadiolarian  remains. 

Sounding  86.  22nd  May,  1873.  2020  fathoms.  Lat.  4P  19'  N.,  long. 
630  12^  W.  A  blue  mud,  with  red  upper  layer,  containing : — Amor- 
phous clayey  matter ;  a  great  many  mineral  partides,  as  mica,  quartz, 
&c. ;  many  pelagic  Foraminifera  and  Coccoliths ;  a  few  Badiolaria 
and  Diatoms. 

Sounding  87.  23rd  May,  1873.  2800  fathoms.  Lat.  39°  44'  N.,  long. 
63°  22'  W.  A  red  or  grey  clay  containing : — Much  amorphous 
clayey  matter ;  very  many  fine  mineral  particles,  and  a  few  rather 
coarse  ones  of  mica,  quartz,  and  a  green  mineral ;  a  good  many  pe- 
lagic Foraminifera  and  Coccoliths. 

Sounding  88.  26th  May,  1873.  2650  fathoms.  Lat.  36°  30'  N.,  long. 
63°  40'  W.  A  red  or  grey  clay  containing: — ^Much  amorphous 
clayey  matter ;  very  many  fine  and  a  few  rather  coarse  mineral  par- 
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tides — quart K,  aiica,  and  a  gti?en  mineral  {terpentine  ?) ;  ft  good  many 
pelagic  Fornimiiiiforai  Coccolitha,  and  KhabdoUtba- 

Sounding  80.  27tli  May,  1H7I3,  2050  fathoms,  ImU  34**  6D'  N,,  long. 
63°  59*  W,  A  red  cky  rontaliibg  ^— Much  araorplious  clayey  m»t- 
^_  ter:  many  very  flue  miiieral  parliclea;  a  good  many  ptdagk  i^'ora- 
^B  minifem  and  their  bmkcn  parts ;  Coceolitha  and  Ekibdolitbs, 
l^mdlog  flO,  27tb  May,  lS7Ii  2-5IHJ  fnthomfi,  Lat.  33^  20'  N.,  long. 
r  64*^  37'  W.  A  red  day,  nmoh  the  Ham.?  as  the  last,  but  ooatiuiiijtg 
I  perhaps  rather  more  carboeate-o£-lime  organisms* 

Sounding  92.  20th  May,  1B73.  1325  fathoms.  A  coral-tniid  t'ontaio- 
ii3g;__^uch  amorphous  cAleareoua  matter;  pelagic  roraminifora, 
Pteropod  and  Heteropod  ahelle  ;  Coccolitbg  and  Ehabd^^jliths ;  brokt*ii 
pieces  o£  coral,  PolyKoa,  <Lc. ;  a  few  siliceous  spines  and  Rmliolaria, 

Sounding  03*  29th  May,  1873,  1075  Fathoms,  A  coral-mud,  mui-h 
the  same  as  tho  above,  but  having  a  few  white  and  green  miniiral 
particles. 

Sounding  94.  OOtb  May,  1873.  1250  fathoms.  A  coral-mud  contain- 
ing ', — Much  amorphous  calcareous  matter ;  many  pelagic  Forami- 
nifera,  Pteropods,  Het<»ropoda,  Cbcvoliths,  and  tthabdoliths ;  a  few 
siliceous  spines  and  HAdiolaria ;  some  white  and  green  mineral  pu^ 
tides  (mica)* 

Sounding  95.  30th  May,  1873.  1575  fathoms.  A  coral-mud  contain- 
ing : — Many  pebgic  and  other  Foraminif era,  Pteropods,  Heteropods, 
and  surface  Ghtsteropods,  Coccoliths,  and  Ehabdoliths ;  amorphous 
calcareous  matter ;  a  few  siliceous  spines ;  a  few  quartz  and  other 
mineral  partides. 

Sounding  96.  13th  June,  1873.  1500  fathoms.  Lat.  32°  37'  N.,  long. 
64°  21'  W.  A  coral-mud  containing: — Many  pelagic  and  other 
Foraminifera,  Pteropods,  and  Heteropods ;  Coccoliths  and  Bhabdo- 
liths;  much  amorphous  calcareous  matter;  a  few  Eadiolaria  and 
siliceous  spines  ;  a  few  green  mineral  particles. 

Sounding  97.  14th  June,  1873.  2360  fathoms.  Lat.  32°  54'  N.,  long. 
63°  22'  W.  A  grey  clay  containing : — ^Much  amorphous  clayey  and 
calcareous  matter ;  a  good  many  exceedingly  fine  mineral  partides ; 
a  good  many  pelagic  Foraminifera  and  Coccoliths ;  one  or  two  Ea- 
diolarians. 

Sounding  98.  16th  June,  1873.  2575  fathoms.  Lat.  34°  28'  X.,  long. 
58°  56'  W.  A  red  clay  containing : — Much  amorphous  clayey  mat- 
ter ;  many  fine  mineral  partides,  and  a  few  rather  coarse  ones ;  a 
good  many  pelagic  Foraminifera  and  their  broken-down  parts ;  one 
or  two  grains  of  manganese. 

Sounding  99.  17th  June,  1873.  2850  fathoms.  Lat.  34°  54'  N.,  long. 
56°  38'  W.    A  red  day  containing: — Amorphous  clayey  matter ; 
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very  many  sandy  particles,  as  quartz,  mica,  red  and  green  minerals ; 
the  green  mineral  (glauconite)  appears  the  same  as  those  particles  in 
the  bottoms  where  the  green  casts  of  the  Foraminifera  occur ;  a  good 
many  pelagic  Poraminifera  and  a  few  Coccoliths ;  one  or  two  man- 
ganese grains. 
The  dredge  brought  up  several  concretions,  coated  on  the  outside  with 
the  black  oxide  of  manganese.  To  one  of  these  a  Scalpellum  was  attached. 

Sounding  100.  18th  June,  1873.  2875  fathoms.  Lat.  35°  T  N.,  long. 
b'2P  32'  W.  A  red  clay  containing: — Amorphous  matter;  very 
many  fine  and  a  few  rather  coarse  mineral  particles,  as  mica,  quartz, 
pieces  of  a  green  and  a  red  mineral,  all  much  smaller  than  yester- 
day; a  few  pelagic  Foraminifera^ and  their  broken  parts;  a  few 
Coccoliths. 

Sounding  101.    19th  June,  1873.    2750  fathoms.    Lat.  35°  29' N.,  long. 
50°  53'  W.    A  grey  clay  containing: — Much  amorphous  clayey 
matter ;  many  very  fine  mineral  particles ;  many  pelagic  Foramini- 
fera and  their  broken  parts,  and  Coccoliths ;  one  or  two  Badiolaria. 
Is  lighter  in  colour  and  contains  more  carbonate  of  lime  than  yester- 
day. 

Station  64.    20th  June.    2750  fathoms.    Lat.  35°  35' N.,  long.  50°  27' W. 

Sounding  102.    2l8t  June.    2700  fathoms.    Lat.  36°  83'  N.,  long.  4r* 

58' W. 
Sounding  103.    22nd  June.    2750  fathoms.    Lat.  37°  24'  N.,  long.  44® 


14' W. 


o 


Sounding  104.    23rd  June.    2700  fathoms.    Lat.  37°  54'  K,  long.  41 
44' W. 
'  All  a  grey  day,  same  as  No.  101. 

';  In  the  dredge  on  the  20th  there  were  a  few  manganese  pellets. 

>     Sounding  l05.    24th  June,  1873.    2175  fathoms.    Lat.  38°  3'  N.,  long. 

39°  19'  W.     A   Olohigerina-ooze  of  reddish  colour  containing : — 

^  \  Great  numbers  of  pelagic  Foraminifera,  Coccoliths,  and  Ehabdoliths ; 

'  Y  some  amorphous  clayey  matter  of  a  red  colour ;  a  few  Eadiolarians. 

jiy    Sounding  106.    25th  June,  1873.    2200  fathoms.     Lat.  38°  23' N.,  long. 
c.:  ^  37°  21'  W.*  A  small  quantity  came  up  which  indicated  a  Ghhigerina^ 

ooze  of  a  rather  lighter  colour  than  yesterday. 

■J^^'  Sounding  107.    26th  June,  1873.   1675  fathoms.   Lat.  38°  25'  N.,  long. 
;  c¥  35°  50'  W.     A  Olohigerina^-ooae  containing : — Great  numbers  of  pe- 

iT^  lagic  Foraminifera,  Coccoliths,  and  Ehabdoliths ;  CtfjyrUUna'Xalyea  ; 

p  ^'  a  few  Badiolaria  (many  more  than  usually) ;  a  few  fine  and  coarse 

mineral  particles. 

^  \  Sounding  108.    27th  June,  1873.    1675  fathoms.    Lat.  38°  18'  N.,  long. 
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34°  48'  W.    A  Ghhigerina-ooify  (same  as  yesterday)  ;  a  few  grey- 
coloured  concretionB  in  the  trawl. 

Sounding  109.    28th  June,  1873.     1240  fathoms.    Lat.  38°  34'  K,  long. 
320  4*7'  ^^    j^  Olohigerina^oze  containing : — Qreat  numbers  of  pe- 
lagic Foraminifera,  Coccoliths,  and  Ilhabdoliths;  otoliths  of  fish 
Cypridinor-Yahes ;  ^^mi-spdnes;  ^ifocuZina  and  other  Foraminif era 
a  few  Eadiolaria ;  many  mineral  particles,  red,  white,  and  black 
Yolcanic  sand. 

Sounding  110.  80th  June,  1873.  1000  fathoms.  Lat.  38°  30'  N.,  long. 
31°  14'  W.  A  Qlohigerina-ooze  containing : — Many  pelagic  Fora- 
minifera ;  Fteropods,  Heteropods,  and  other  surface  shells ;  otoliths 
of  fish,  Cypridina-YBlveA,  i^^mi-spines,  <&c. ;  a  few  £adiolaria ;  a 
good  many  mineral  particles,  chiefly  yolcanic  sand  and  pumice. 

Sounding  111,  1st  July,  1873.  1350  fathoms.  Lat.  38°  22'  N.,  long. 
29°  37'  W.  A  Qlohtgerina-oaze  containing : — ^Very  many  pelagic 
Foraminif era ;  Coccoliths  and  Ebabdoliths;  amorphous  calcareous 
matter ;  a  good  many  Badiolarian  and  siliceous  spines ;  many  fine 
mineral  particles,  chiefly  pumice  and  grains  of  volcanic  sand. 

Sounding  between  Fayal  and  Pico.  450  fathoms.  8  miles  N.E.  of  Aorta. 
A  grey  mud  containing : — Many  mineral  particles,  as  pumice,  vol- 
canic sandy  particles  (mica) ;  many  pelagic  and  other  Foramini- 
fera ;  Pteropods,  Heteropods,  surface  Gasteropods,  and  small  laval 
Lamellibranchs ;  a  few  siliceous  spines. 

Sounding  112.  3rd  July,  1873.  900  fathoms.  Lat.  38°  11'  N.,  long. 
27°  9'  W.  A  white  Qlohigerina-ooze  containing : — ^Many  pelagic 
Foraminifera ;  broken  Pteropod  shells,  Coccoliths,  and  EhabdolithSy 
&c. ;  a  great  deal  of  volcanic  sand  and  disintegrating  pumice ;  a  few 
Badiolarians  and  siliceous  spines. 

Sounding  114,  10th  July,  1873.  1000  fathoms.  Off  San  Miguel  Is- 
land. A  grey  mud  containing : — Many  fine  and  large  particles  of 
pumice,  and  black,  red,  and  white  particles  of  volcanic  sand ;  some 
pelagic  Foraminifera,  Pteropods,  and  other  surface  shells. 

Sounding  115.  11th  July,  1873.  2025  fathoms.  Lat.  36°  21'  N.,  long. 
23°  31'  W.  A  white  Olohigerinaroom  containing  : — Very  many 
pelagic  Foraminifera,  Coccoliths  and  Ehabdoliths ;  a  good  deal  of 
pumice  and  volcanic  sand  (mica) ;  a  few  Eadiolarians. 

Sounding  116.  12th  July,  1873.  2660  fathoms.  Lat.  35°  3'  N.,  tong. 
21°  25'  W.  A  white  Olohigerinorooze  containing : — Many  pelagic 
Foraminifera  and  their  broken  parts ;  a  few  Coccoliths  and  Bhsibdo- 
liths ;  a  good  deal  of  amorphous  calcareous  matter ;  a  good  many 
mineral  particles,  pumice,  quartz,  mica,  &c. ;  a  few  Eadiolarians. 

Sounding  117.  13th  July,  1873.  2675  fathoms.  Lat.  34°  11'  N.,  long. 
19°  52'  "W.    A  white  Olohigerinorooze  containing : — ^Much  amor- 
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phous  calcareous  matter;  many  pelagic  Poraminifera  and  their 
broken  parts ;  Coccoliths  and  EhabdoHths ;  a  good  many  mineral 
particles,  coarse  and  fine  pumice,  quartz,  mica ;  a  few  Badiolarians. 

Sounding  118.  14tli  July,  1873.  2400  fathoms.  Lat.  33^  46'  N.,  long. 
19°  17'  W.  A  white  Olohigerinorooze  containing : — Many  pelagic 
Foraminifera  and  their  broken  parts ;  Coccoliths  and  Ehabdoliths ; 
amorphous  calcareous  matter ;  some  fine  and  coarse  black  and  white 
mineral  particles ;  a  few  Eadiolaria. 

Sounding  119.  15th  July,  1873.  1650  fathoms.  Lat.  33°  13'  N.,  long. 
18°  13'  W.  A  white  Olohigerina-ooze  containing: — ^Very  many 
pelagic  Foraminifera ;  Coccoliths  and  Ehabdoliths ;  a  good  deal  of 
fine  volcanic  sandy  particles  of  a  white,  red,  and  black  colour ;  a  few 
Badiolaria. 

Sounding  120.  19th  July,  1873.  1125  fathoms.  Lat.  28°  42'  N.,long. 
18°  6'  W.  A  brown  or  grey  mud  containing :  —A  large  quantity  of 
volcanic  sand,  the  majority  of  the  particles  being  black  and  brown ; 
a  few  pelagic  Foraminifera,  Pteropods,  Coccoliths,  and  Ehabdoliths ; 
one  or  two  Eadiolaria.  The  dredge  brought  up  some  pieces  of  a 
dead  Gorgonoid,  with  a  coating  of  manganese. 

Sounding  121.  21st  July,  1873.  2300  fathoms.  Lat.  25°  46'  N.,  long. 
20°  34'  W.  A  Ohhigerina-ooze  with  a  red  tinge  containing: — 
Many  pelagic  Foraminifera ;  Coccoliths  and  Ehabdoliths,  and  amor- 
phous calcareous  matter ;  a  good  deal  of  mineral  matter  of  a  white, 
red,  and  yellow  colour,  and  a  few  grains  of  manganese. 

Sounding  122.  21st  July,  1873.  1675  fathoms.  Lat.  25°  49'  N.,  long. 
20°  12'  W.  Four  miles  to  the  north  of  sounding  No.  39.  Three 
small  pieces  of  a  dead  Gorgonoid  covered  with  manganese  came  up. 

Sounding  123.  22nd  July,  1873.  2300  fathoms.  Lat.  23°  58'  N.,  long. 
21°  18'  W.  A  GlohigeriTm-ooze  ^vith  a  red  tinge  containing: — 
Many  pelagic  Foraminifera;  Coccoliths  and  Ehabdoliths;  a  good 
many  red,  white,  and  yellow  mineral  particles ;  a  few  manganese 
grains ;  one  or  two  Eadiolaria. 


Sounding  124. 
2'W. 

23rd  July. 

2400  fathoms. 

Lat.  22°  18' 

N., 

long.  22° 

Sounding  125. 
57' W. 

24th  July. 

2400  fathoms. 

Lat.  20°  58' 

N. 

,  long.  22° 

Sounding  126. 
6'W. 

25th  July. 

2075  fathoms. 

Lat.  19°  4' 

N., 

long.  24° 

Sounding  127. 
41' W. 

26th  .Tuly. 

1975  fathoms. 

Lat.  17°  54' 

N., 

,  long.  24° 

All  gave  a  Globifferina-oozQ  with  a  ted  tinge,  and  in  other  respects  the 
Bwe  as  No.  123.  •  ,g„,^,  ,^  Googk 


Mr.  J.  Murray  on  Oceanic  SeposHi^i 

Sounding  12S,     27lli  July,  1  &7ci,     1070  fathotns.     Off  San  AntoTiio. 
dark  IruwD  or  grpy  luud  coDtaming  : — Yeij  inany  particles  of  vol- 
K      omic  eand  of  a  rt?d,  wbite,  yellow,  ajid  black  colour, 

Sotmcling  V29,    27th  July,  1873.     lOUU  fatboms*     OfF  HL  Vincent.    A 
^       bark  bm%ni  or  grey  mud  ooutaiuiug :— Much  volcauic  sand  ;  pelagic 
■      Pomujinifem  and  bKiken  pieoei  of  Pteropod  j  CoccoHtliB  and  Uhiih 
doUths  ;  a  few  siliceous  tipineB* 

Bounding  130.     27t!i  July,  1873.     405  fafclioms.     Off  St.  Tinct^nl.     A 

dark  brown  or  grt^y  mud  containing : — Mucb  ooaree  volcanit^  sand ; 
a  few  pekgie  and  other  Foraminifera ;  a  few  CocMJoliths  ;  broken 
pieces  of  coral,  PoljKoa,  &c. 

Sounding  130  a.    27th  July,  1873,     52  fathoms.     Off  St.  Tino^nt.    A 
coarse  coral-sand,  composed  of : — Broken  iiiect^.s  of  cornDineSt  corak, 
Volym^  large  Nummullnas  and  other  Foramimferaj  and  a  few  pe- 
IH       logic  Foraminifera,  and  Pt^ropode. 

5tL  August,  1 873*  Off  St^Vinccut*  260  fathoms.  A  green  ^and,  compel 
^  chiefly  of  : — Green,  red^  and  black  mineral  particles  ;  pelagic  and 
mm  other  Eoraminifera ;  broken  pieces  of  Pteropoda,  Hetcropoda, 
H  Polyzoa,  Corailine,  Ac,  ;  one  or  two  pale  imperfect  casta  of  the 
W       Pteropodsi, 

5th  August,  1973*  Off  Sfc,  Vincent.  675  fathoms.  A  grey  mud  con- 
taining : — Much  volcanic  sand ;  pelagic  Foraminifera,  •  Heteropods, 
Pteropods,  and  other  surface  shells  ;  Coccoliths  and  Ehabdoliths. 

Sounding  131.  5th  August,  1873.  1150  fathoms.  Off  St.  Vincent.  A 
grey  Glohigerina-ooze  containing: — Very  many  pelagic  Foraminifera; 
shells  of  Pteropods,  Heteropods,  larval  Gasteropods,  and  Lamelli- 
branchs ;  a  good  many  particles  of  volcanic  sand,  of  a  red,  white, 
and  green  colour ;  a  few  siliceous  spines. 

St,  Vhicent  to  BaUia. 

Sounding  132.  lOth  August,  1873.  2300  fathoms.  Lat.  13°  36'  N., 
long.  2^  49'  W.  A  Olohu/erina-ooze  of  reddish  tinge  containing : — 
Very  many  pelagic  Foraminifera ;  Coccoliths  and  Khabdoliths ;  some 
amorphous  clayey  matter,  and  many  fine  mineral  particles ;  a  few 
Eadiolarians. 

Sounding  133.  13th  August,  1873.  2575  fathoms.  Lat.  10*^  25'  N., 
long.  20°  30'  W.  A  Glohigerinorooze  containing: — Very  many 
pelagic  Foraminifera  and  a  few  Coccoliths ;  a  good  deal  of  amorphous 
clayey  matter,  and  many  very  fine  mineral  particles ;  a  few  Hadio- 
larians. 

Sounding  134.  14th  August,  1873.  1750  fathoms.  Lat.  9^  21'  N., 
long.  18°  28'  W.     A  blue  mud  containing: — Mueh  amorphous 
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clayey  matter ;  a  good  many  -fine  mineral  particles ;  a  good  many 
pelagic  Eoraminifera  and  CoccolithB  ;  a  few  Badiolaria. 

Sounding  136.  19tb  August,  1873.  2500  fathoms.  Lat.  5*^  48'  N., 
long.  14°  20'  W.  A  dark  blue  mud  containing  : — Much  amorphous 
clayey  matter ;  many  fine  mineral  particles ;  a  few  pelagic  Eorami- 
nifera  and  their  broken  parts. 

Sounding  137.  2l8t  August,  1873.  2450  fathoms.  Lat.  3''  8'  N., 
long.  14°  49'  W.  A  grey  Olohigerina-ooze  containing  : — ^Very  many 
pelagic  Poraminifera  and  Coccoliths ;  much  amorphous  clayey  matter 
and  fine  mineral  particles ;  a  good  many  Eadiolaria. 

Sounding  138.  22nd  August,  1873.  2475  fathoms.  Lat.  2°  49'  N., 
long.  17^  13'  W,  Some  patches  of  a  grey  ooze  came  up  on  the  out- 
side of  the  tube. 

Sounding  139.  23rd  August,  1873.  2500  fathoms.  Lat.  2°  25'  N., 
long.  20°  1'  W.  A  grey  Olohigerina-ooie  containing : — Many  pelagic 
Foraminifera  and  a  few  Coccoliths ;  much  amorphous  clayey  matter, 
and  many  fine  white  and  red  mineral  particles ;  a  few  manganese 
grains. 

Sounding  140.  24th  August,  1873.  2275  fathoms.  Lat.  2°  6' N.,  long. 
22°  53'  W.  Some  traces  of  a  grey  ooze  came  up  on  the  outside  of 
the  sounding-tube. 

Sounding  141.  25th  August,  1873.  1850  fathoms.  Lat.  1°  47'  N., 
long.  24°  26'  "W.  A  grey  Olohigerina-ooz/e  containing  : — Many 
pelagic  Foraminifera ;  many  Coccoliths  and  Rhabdoliths ;  a  little 
amorphous  clayey  and  calcareous  matter;  a  few  white  and  red 
mineral  particles ;  small  manganese  grains  attached  to  many  of  the 
Foraminifera. 

Sounding  142.  26th  August,  1873.  1500  fathoms.  Lat.  1°  22'  N., 
long.  26°  36'  W.  A  grey  Glohigerina-oozB  containing: — Many 
pelagic  Foraminifera,  Coccoliths,  and  Rhabdoliths ;  a  few  broken 
pieces  of  Pteropod  shells ;  a  little  amorphous  clayey  matter  and 
some  fine  mineral  particles ;  one  small  piece  of  pumicestone. 

Sounding  143.  27th  August,  1873.  1900  fathoms.  Lat.  1°  10'  N., 
long.  28°  23'.  A  grey  Olobigerina-ooie  containing : — Many  pelagic 
Foraminifera ;  Coccoliths ;  a  good  many  Radiolarians ;  a  little  amor- 
phous clayey  matter,  and  a  few  white  mineral  particles. 

Sounding  144.  29th  August,  1873.  1425  fathoms.  Off  St.  Paul's 
Bocks.  A  grey  Glohigerina-ooze  containing : — Many  pelagic  Fora- 
minifera : — a  few  Pteropod  shells ;  Coccoliths ;  a  good  many  mineral 
particles,  mica,  serpentine,  &c. ;  one  or  two  Radiolarians. 

Off  St.  Paul's  Rocks.  29th  August,  1873.  780  fathoms.  A  grey  Gh- 
bigerina-oozQ  containing : — ^Many  pelagic  Foraminifera  and  Cocco- 
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lithi  ;  a  few  pteropod,  Het4?rap(!d,  aad  pelieia  Goit^ropod  si 
many  rough  crystiiliine  partide»»  of  a  greem  blacky  red,  and  white 
colottr, 

Sounding  145.  30th  August,  1973.  2270  Eathoms.  Lat.  0°  9'  N., 
long,  30*  18'  W.  A  Ohhujerina-oom  witli  iieddbh  t^nge  contain- 
Ing  ; — Itfany  pelagic  Foraminifera  ;  Cocwliths  ;  some  amorphoua 
caloiroous  and  dayey  matter  \  a  good  many  Rodiotarians ;  a  few  fina 
crystalline  particleu. 

Sounding  146.  3!  st  August,  1 873.  2475  fathoms.  Lat.  1**  45'  K  long, 
Z(f  58'  W.  A  Giohif}trhifL-oo7^  of  a  red  colour  containing  :— many 
pelz^ic  Foraminifera  and  iheir  broken  parts;  a  few  CoccoUth*; 
mncli  amorphous  clayey  matter ;  many  very  fin6  mineral  jjartidei ; 
one  or  two  Badiolaria. 
About  one  half  of  this  specimen  M*as  clayey,  the  other  calcareous » 

Sounding  147.      lat  September,  1873.      2200  fathoms.     Lat.  3°  33'  8, 

^long.  32*^  16*  W.  A  white  Glohif/eritia-ooi/e  containing: — Maaj 
^  pelagic  Foraminifera ;  Coccoliths  and  Ehabdoliths ;  some  red  amor- 
P  phoua  matter,  and  eome  red  and  white  mineral  particles. 
Sotmdmg  148.  No  bottom  came  up.  1010  fathoms.  Off  Fomaado 
Korooha. 
Sounding  140,  No  bottom  came  tip.  820  fathoms.  Lat.  3°  5S'  S,, 
long.  32^  42'  W. 

Sounding  150.  3rd  September,  1873.  2150  tathoms.  Ijit  4"  2'  8., 
long.  32"  47'  W.  A  whit^i  6'i*.i;^v.vV;^:-oozc  conlaiiiLng:-- 2I^y 
pelagic  Foraminifera ;  Coccoliths  and  Ebabdoliths ;  a  few  white  and 
red  mineral  particles  ;  a  few  Badiolaria. 

Sounding  151.  4th  September,  1873.  2275  fathoms.  Lat.  5°  1' S.,  long. 
33°  50'  W.  A  Olohigerina-ooze  with  a  red  tinge  containing : — Many 
pelagic  Foraminifera ;  Coccoliths  and  Bhabdoliths  ;  amorphous 
matter  and  many  fine  white  mineral  particles ;  one  or  two  Badio- 
laria and  siliceous  spicules. 

Sounding  152.  6th  September,  1873.  1375  fethoms.  I-at.  6°  56'  S., 
long.  34°  45'  W.  A  red  or  yellow  mud  containing : — ^Much  amor- 
phous clayey  matter ;  many  fine  white  and  red  mineral  particles ; 
many  pelagic  Foraminifera,  broken  pieces  of  Fteropods  and  pelagic 
Gbsteropods ;  Coccoliths  and  Bhabdoliths. 

Sounding  152a.  6th  September,  1873.  500  fathoms.  Off  Braalian 
coast.  A  red  mud  containing: — Much  amorphous  matter;  many 
mineral  particles,  qnartz  and  mica ;  a  good  many  pelagic  Foramini- 
fera ;  surface  Gbsteropods,  Heteropods,  and  a  few  Coccoliths  and 
Bhabdoliths. 
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Sounding  163.  8th  September,  1873.  2050  fathoms.  Lat.  7^  28'  S., 
long.  34*^  2'  W,  A  red  or  yellow  mud  contaimng : — Much  amorphous 
clayey  matter  of  a  red  colour ;  many  coarse  and  fine  mineral  parti- 
cles, chiefly  quarts  and  mica ;  a  good  many  pelagic  Poraminifera  ; 
Coocoliths  tmd  Ilhabdoliths ;  a  few  siliceous  spicules,  but  no  Badio- 
laria  observed. 
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All  these  soundings  along  the  coast  of  South  America,  from  Cape  San 
Eoque  to  Bahia,  gave  a  red  or  yellow  mud  as  described  under  soundings 
152  and  153.  Those  in  the  shallower  depths  were  of  a  redder  colour 
and  contained  larger  mineral  particles  and  fewer  pelagic  organisms  than 
those  in  deeper  water  and  further  from  the  coast.  Bemains  of  siliceous 
organisms  were  almost  entirely  absent.  In  No.  157  a,  120  fathoms,  there 
were  a  few  red-coloured  internal  casts  of  Foraminifera. 

Bdhia  to  Cajpe  of  Good  Hope. 

Sounding  164.  30th  September,  1873.  2150  fathoms.  Lat.  20°  13' S., 
long.  35°  19'  W.  A  red  mud  containing : — Much  amorphous  clayey 
matter ;  many  fine  mineral  particles,  mica,  quartz,  <&c. ;  many 
pelagic  Foraminifera ;  Coccoliths  and  Bhabdoliths ;  a  few  manganese 
grains ;  no  siliceous  things  noticed. 

Sounding  165.  3rd  October,  1873.  2350  fathoms.  Lat.  26°  15' S.,  long. 
32°  56'  W.  A  red  or  grey  clay  containing : — Much  amorphous 
clayey  matter ;  a  few  rather  large  and  many  very  small  white  mineral 
particles ;  a  good  many  remains  of  pelagic  Foraminifera ;  a  few  Coc- 
coliths and  Bhabdoliths ;  a  few  small  manganese  pellets. 

Sounding  166.  6th  October,  1873.  2275  fathoms.  Lat.  29°  35'  S., 
long.  28°  9'  W.  A  grey  clay  containing : — Much  amorphous  clayey 
matter  and  some  amorphous  calcareous  matter ;  a  few  rather  largo 
and  many  very  small  mineral  particles,  quartz,  pumice,  &c. ;  a  good 
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many  pe^lagic  Foramimfera ;  Coceoliths  and  BhabdoUtba;  on6<^ 
pieces  of  Diatoms  ;  a  few  mangan'a^e  grains- 
Tbe  dnxlge  brought  up  an  ear-bone  of  a  Cetieean  and  a  piece  of 
puinice,  bolb  coated  with  the  peroxide  of  manganese. 

Sounding  167.  10th  October,  1873.  2050  fathoms,  Lafc.  35"^  25*  N., 
loDg.  23^  40'  W.  A  white  GlGhi^erina-ooie  containiDg  :^Tery  nianj 
pelagic  Forammifera  ;  QpccoHtha  and  Eliabdoliths  j  a  little  amor- 
phous calcareous  and  clayey  matter ;  a  good  many  Eadiolaria ;  a  few 
yellow,  red,  and  whlt-e  mineral  particles. 

Sounding  108.  lltb  October,  1S73.  1000  fathoms.  I^t,  35M1*  S., 
long*  20""  55'  W.  A  white  Globttftrina^ote  containing : — Very  many 
peJogic  Foraminifeni ;  CoccolitUs  and  Hbabdoliths  ;  alitUeamorpboiu 

calcareous  and  clayey  matter  j   a  few  Eadiolamns   and  eiliceoMs 
,  spines  ;  a  few  coarse  and  fine  mineral  particles. 

^ Sounding  169,  14th  Oct<>ber,  1873.  2025  fathoms.  lat.  36  12'  S^ 
long.  1 2"  1 6'  W*  A  grey  QlMtjerma-oote  containing :— Many  i>ebgic 
Foramiiiifera ;  CoccoHths  and  Khabdoliths ;  Bome  amorphous  clayey 
^  and  calcareous  matter ;  many  sandy  particleflj  of  a  roii  white,  and 
"  bhick  colour ;  a  good  many  Hadiolaria, 
Off  Tristan  d*^cunha.  15th  October,  1873,  360  fathoms.  A  dark  grey 
mud  containing : — ^Much  volcanic  sand  of  a  black  and  red  colour 
(olivine  Ac)  i  a  few  pehigic  Foraminifera,  Pteropods,  surface  Gas- 
teropods,  &c. 

Sounding  170.  18th  October,  1873.  1100  fathoms.  Off  Tristan 
d'Acunha.  A  piece  of  shell  came  up  in  the  tube.  In  the  dredge 
were  several  lumps  of  pumice. 

Sounding  172.  20th  October,  1873.  2100  fathoms.  Lat.  36°  43'  S., 
long.  7°  13'  W.    No  bottom  came  up. 

Sounding  173.  23rd  October,  1873.  2550  fathoms.  Lat.  35°  59'  8., 
long.  1°  34'  E.  A  red  clay  containing : — Much  amorphous  chiyey 
matter ;  a  few  rather  coarse  and  many  very  fine  mineral  particles ; 
a  few  broken  remains  of  pelagic  Foraminifera  and  a  few  Coocoliths; 
a  few  Eadiolarians  ;  a  few  manganese  grains. 

Sounding  174.  2oth  October,  1873.  2650  fathoms.  Lat.  36*"  22f  S., 
long.  8°  12'  E.  A  red  clay  containing : — ^Much  amorphous  clayey 
matter ;  very  many  coarse  and  fine  white  mineral  particles  (quarts 
and  pumice)  ;  a  good  many  broken  remains  of  pelagic  Foraminifen; 
a  few  Eadiolarians ;  a  small  tooth  of  shark ;  a  few  pellets  of  bkck 
manganese. 

Sounding  175.  27th  October,  1873.  2325  fathoms.  Lat-  35°  35'  S., 
long.  16°  8'  E.  A  blue  mud  containing : — Many  pelagic  Foramini- 
fera,  Coocoliths,  and  Ehabdoliths;   very  many  mineral  partidesi 
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mostly  of  a  white  colour  (quartz),  but  also  many  dark  and  light 
green  coloured  (glauconite) ;  a  few  Eadiolarians  and  siliceous 
spines ;  a  few  pellets  of  manganese. 

Sounding  176.  28th  October,  1873.  1250  fathoms.  Lat.  35°  0'  S., 
long.  17°  57'  E.  A  blue  mud  containing : — Much  amorphous  clayey 
matter;  very  many  sandy  particles,  quartz  and  green  glauconite 
grains ;  a  good  many  pelagic  Eoraminifera,  Coccoliths,  and  Ehab- 
doliths ;  a  few  Badiolaria  and  siliceous  spines. 

SOUTHEEN  OCEAK. 

Cwpe  of  Good  Hope  to  Australia. 

Simon's  Bay.  20  fathoms.  Dredges  gave  a  bottom  composed  of  sandy 
particles,  quartz  and  green  and  black  particles,  pieces  of  broken 
shells,  Echinoderm  shells,  Eoraminifera,  Ac. ;  mixed  up  with  these 
was  much  amorphous  matter,  which  gave  a  green  colour  to  the 
bottom. 

Soundmg  177.  17th  December,  1873.  100  fathoms.  Lat.  34°  41'  S., 
long.  18°  36'  E.  A  green  mud  containing : — ^Very  many  small  light 
and  dark  green  mineral  particles,  usually  of  a  rounded  form,  and 
quartz,  mica,  &c. ;  a  good  many  pelagic  Eoraminifera  ;  other  Eora- 
minifera, as  Textularias,  Eotalias,  XTvigerinas,  Nummulinas,  &c. ;  a  few 
siliceous  spines  and  Diatoms ;  green-coloured  amorphous  matter ; 
many  casts  of  the  Eoraminifera,  -Bc^int-spines,  and  other  carbonate- 
of-iime  organisms  in  pale  green  substance  (glauconite). 

18th  December,  1873.  150  fathoms.  Agulhas  Bank.  Lat.  35°  4'  S., 
long.  18°  37'  E.    Same  kind  of  bottom  as  No.  177. 

Sounding  178.     19th  December,  1873.     1900  fathoms.    Lat.  36°  48'  S., 
long.  ]  9°  24'  E.     A  white  Ghhigerina-ooze  containing : — Very  many 
pelagic  Eoraminifera  and  Coccoliths ;  a  great  many  mineral  particles, 
quartz,  and  a  red  and  green  mineral ;  one  or  two  parts  of  siliceous 
spines,  but  no  Eadiolarians :  a  few  casts  of  the  Eoraminifera  remained 
after  treatment  with  acid ;  some  of  these  were  pure  white,  others 
had  a  greenish  tinge. 
The  dredge  brought  up  some  stones  of  a  black  colour.    These  were  very 
hard,  and  made  up  of  Qlobigerina  and  small  green  and  white  particles 
imbedded  in  a  grey  flinty-like  matrix.     Internal  casts  of  the  Eorami- 
nifera in  this  flinty-like  substance  remained  when  portions  of  these  con- 
cretions were  treated  with  acid.    The  black  colour  was  due  to  a  thin 
coating  of  the  peroxide  of  manganese. 

Sounding  179.  24th  December,  1873.  1570  fathoms.  Lat.  45°  57'  S., 
long.  34°  39'  E.  A  white  Olobigerina^ooiQ  containing : — Very  many 
pelagic  Eoraminifera  and  Coccoliths ;  a  few  Eadiolarians  and  Dia- 
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Itoinfi  ;  ft  few  white,  red,  and  green  minend  pariicle«,  some  of 
rather  large - 
26th  and  27th  December,  1873.    50  to  150  fathoms.   Off  Priuce-Edward 
laland.     Tbo  dredges  b  these  depths  gave  a  bhick  or  dark-grvf 
H     Band  containing  »— Matiy  black  or  brovvn  miaeml  particles  ;  pbct^s  of 
B    l^roken   shells ;    PoljTjoa ;    Ecliinodcrms ;    eomo  pelagic  and   olber 
"  Foraminifera* 

Souuditig  18^X  2Dth  December,  1873.  1375  fatboma,  Lat.  40"^  in' S., 
bug.  45^  31'  E,  A  wbite  Uhhif^mnft-QofA.^  conlaming: — ^31anv 
pelagic  Foraminjfera  artd  a  few  CoLvolit  !i8  ;  matiy  Hadiolariaii  and 
Diatom  remaini  ;  a  fyw  uimeral  particles  of  a  uhite  and  greoK 
colour. 
The  fine  partu  of  the  sou u ding  were  ucarly  all  Uiatoiu  reuiainB. 

Houndin  s,^  1 8L  J JOth  December,  1 873.  1 000  fathoms,  Lat,  4fl^  1 G'  S., 
long*  48^  27^  E,  A  grey  Ghbi^trin^-oom  contauiing  ; — M^nj 
pelagic  Foraniinifera  (Coceolitha  and  Pidviiiulinas  appeared  wholly 
ahsijiit)  ;  mMij  Diatoms  and  Hadiolaria }  many  white,  biaek^  aiid  red 
miueral  parti  cleSi 
The  finer  portions  appeared  whoUj  made  up  of  the  broken  f rustules  uf 

J>iatoms< 

Sounding  182*  Ut  Januarf,  1874*  600  fathoms.  Off  the  Ooiet 
Islands,  A  grey  mud  containing? — Many  pelagic  Foraminifem; 
Qlobigerinas  (Orbulina*,  Pnlvinuhnas,  and  Coccoliths  appeannl  to 
h&  quite  ftbtent) ;  Yery  many  remains  of  Diatoms  and  iRadiolaria; 
many  hkck,  yellow,  and  red  sandy  particles. 
Beautiful  casts  of  the  AVA  mi  i -spines  and  Poraminifera  remained  aft^r 

treatment  with  acid.    These  were  of  a  pale  straw-colour  (green  glauconitic 

particles  were  not  observed  in  this  sounding). 

January  1874.  20  to  100  fathoms.  During  this  month  many  soundings 
were  taken  off  the  east  coast  of  Kerguelen  Land  in  from  20  to  100 
fathoms.  The  tube  always  brought  up  grey  or  blue  mud  contain- 
ing : — Very  many  sandy  particles  of  white,  red,  and  black  coloar ; 
many  Diatoms  and  spicules  of  sponges. 
The  soundings  furthest  from  the  coast  were  mostly  a  network  of 

sponge-spicules  and  frustules  of  Diatoms. 

2nd  February,  1874.  150  fathoms.  Between  Kerguelen  and  Hetrd 
Islands.  The  bag  of  the  trawl  came  up  with  many  baaaltic  and 
other  pebbles,  to  which  many  Brachiopods  were  attached  and  some 

frustules  of  Diatoms  adhered. 

7th  February,  1874.  75  fathoms.  Off  Heard  Island.  The  bottom  was 
a  grey  sandy  mud  containing  many  black  sandy  particlee,  sponge- 
spicules,  Diatoms,  &c.,  as  off  Kerguelen. 
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Sounding  184.  11th  February,  1874.  1260  fathoms.  Lat.  60°  62'  S., 
long.  80^  20'  E.  A  diatomaceous  ooze  of  pure  white  colour  con- 
taining:— Chiefly  frustules  of  Diatoms  and  their  broken-down 
parts;  many  Bodiolaria;  a  few  Olobigerina;  a  few  white,  black, 
and  red  mineral  particles  (mica). 

Sounding  185.  14th  February,  1874.  1675  fathoms.  Lat.  65°  42'  S., 
long.  79°  48'  E.  A  blue  mud  (greenish  tinge)  containing : — ^Much 
amorphous  clayey  matter;  a  great  many  white,  black,  and  yellow 
sandy  particles  (quartz  &c.) ;  some  granitic  pebbles ;  a  good  many 
frustules  of  Diatoms  amongst  the  amorphous  matter;  a  few  Badio- 
laria ;  two  small  Qlobigeritia  were  noticed  in  the  portion  examined. 
The  mud  did  not  effervesce  with  acid. 

Sounding  186.  19th  February,  1874.  1800  fathoms.  Lat.  64°  37'  S., 
long.  85°  49'  E.  A  blue  mud  containing : — ^Much  amorphous  clayey 
matter ;  some  coarse  and  a  very  great  number  of  very  fine  mineral 
particles,  as  quartz,  mica,  and  black  and  yellow  particles ;  a  good 
many  frustules  of  Diatoms  and  a  few  Badiolaria ;  one  or  two  small 
Olobigerina. 
The  above  two  soundings  are  in  many  respects  like  those  we  usually 

got  when  approaching  a  continent  or  large  island,  especially  like  those 

soundings  off  the  coast  of  North  America  at  80  to  100  miles  from  the 

coast. 

Sounding  187.  23rd  February,  1874.  1300  fathoms.  Lat.  54°  18'  S., 
long.  94°  47'  E.  A  yellowish-blue  mud  containing : — Much  amor- 
phous matter ;  many  coarse  and  fine  mineral  particles,  quartz,  mica, 
and  red  and  yellow  particles;  many  remains  of  Diatoms  and 
Badiolaria ;  a  good  many  pelagic  Foraminifera  (small  Olobigerina 
only)  ;  might  be  called  a  Diatom-ooze. 

Sounding  188.  26th  February,  1874.  1975  fathoms.  Lat.  62°  36'  S., 
long.  95"^  44'  E.  A  diatomaceous  ooze  containing  chiefly  (of  a 
yellow  colour) : — The  frustules  of  Diatoms  and  their  broken-down 
parts ;  many  Badiolaria ;  no  pelagic  Foraminifera  in  the  portion 
examined ;  a  few  quartz,  mica,  and  other  mineral  particles ;  a  few 
granitic  pebbles  came  up  in  the  trawl. 

Sounding  189.  3rd  March,  1874.  1950  fathoms.  Lat.  53°  55'  S., 
long.  108°  35'  E.  A  diatomaceous  ooze  of  a  straw-colour  containiQg 
chiefly : — The  frustules  of  Diatoms  and  their  broken-down  parts ; 
many  Badiolaria ;  a  few  small  Olobigerina ;  one  or  two  quartz  and 
mica  particles. 

Sounding  190.  7th  March,  1874.  1800  fathoms.  Lat.  50°  1'  S.,  long. 
123°  4' E.  A  white  Olobigerina-ooze  containing: — ^Very  many 
pelagic  Foraminifera  (Olobigerina,  Pulvinulinas,  and  a  few  Orbu- 
linas)  ;  Coccoliths  ;  a  good  many  Diatoms  and  Badiolaria ;  one  or 
two  quartz  particles  and  one  or  two  pieces  of  a  cherty-like  mineral. 
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SoUDiliBg  lOL  10th  March,  1874.  2150  fathoms.  Lat.  4r*  ^5'  S" 
long*  130^  32'  E.  A  Glohifferhm-ooi^,  with  a  rod  ting^,  c'Oti* 
taming : — Very  fine  pelagic  ForamiuifeTa^  Cocculiths,  antl  liliabdo- 
liths  ;  a  few  Diatoms  and  Radiokm ;  one  or  two  small  wLite 
mineral  particles,  and  one  or  two  red  and  blaek  manganese  grains. 

Sounding  U>2.  13th  March,  1874,  2600  fathoms,  A  red  clay  eon- 
taining : — ^Mucli  amorphous  clayey  matter ;  many  very  fine  white 
mineral  particles  and  a  few  black  obsidian-like  particles  and  manga- 
nese grains  ]  a  few  w^hole  and  many  broken  pieces  of  pelagic 
Foramiuifera  and  a  few  Coccoliths ;  two  Hadiolarians  noticed ;  no 
Diatoms, 
The  trawl  brought  up  many  ronnd  manganese  concretions  or  noduleSt 

and  one  or  two  shark's  teeth,  « 

Melbourne  to  Sifdnet^, 
Soimding  193.  4th  April,  1874.  2200  fathoms,  Lat,  Sif  oC*  a,  long. 
150°  30'  E,  A  green  nnid  containing  r^ Amorphous  ckyey  matt<^rj 
many  fine  mineral  particles,  quartz,  mica,  and  green  glanconite 
particles,  &c, ;  a  good  many  pelagic  Foraminifera  and  Cocc*oliths ; 
a  few  broken  pieces  of  Pteropod  shells  i  a  few  remains  of  Diatom* 
und  siliceous  spines. 


^ydntij  to  WdlmgUm. 

12th  June,  1874.  OfE  Port  Jackson.  120,  290,  and  650  fathomff. 
Soundings  at  these  depths  gave  a  greenish  mud  containing  : — Many 
coarse  sandy  particles ;  quartz,  mica,  and  glaueonite  particles ; 
many  pelagic  and  other  Foraminifera ;  broken  pieces  of  Pteropod 
and  other  surface  shells,  Echinoderm  spines,  &c. 
In  the  shallower  soundings  there  were  great  numbers  of  green  casts  of 

the  Foraminifera  and  other  shells. 

Sounding  194.  24th  June,  1874.  950  fathoms.  Lat.  34°  8'  S.,  long. 
152°  0' E.  A  green  mud  containing: — Many  fine  and  coarse 
mineral  particles,  quartz,  mica,  green  and  red  minerals ;  many 
pelagic  Foraminifera,  Coccoliths,  and  Rhabdoliths ;  a  few  siliceous 
spines ;  many  pale  white  casts  of  the  Foraminifera  remained  after 
treatment  with  acid. 

Sounding  195.  13th  June,  1874.  1200  fathoms.  Lat.  34°  9'  S.,  long. 
151°  55'  E.  A  greenish  mud  containing : — Very  many  fine  and 
some  coarse  mineral  particles,  quartz,  mica,  green  and  red  minerals; 
very  many  pelagic  Foraminifera,  Coccoliths,  and  Ehabdoliths ;  a 
few  pieces  of  siliceous  spines. 
A  few  white  casts  of  Foraminifera  remained  after  treatment  with  acid. 

Sounding  196.  13th  June,  1874.  400  fathoms.  Lat.  34°  19'  S.,  long. 
151°  31'  E.    A  green  mud  containing : — ^Very  many  sandy  particles; 
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qnartz,  mica,  glauconite,  and  red  and  black  minerals ;  many  pelagic 
and  other  Foraminif era,  Coccoliths,  and  Ehabdoliths ;  a  few  siliceous 
spines. 
Beautiful  and  wonderfully  perfect  casts  of  the  carbonate-of-lime  organ-> 

iams  remained  after  treatment  with  acid,  as  Echinira^^iaeB^  Poljzoa,  and 

Foraminifera,  &c.    Some  of  these  were  dark  green,  some  pale  green,  and 

others  a  dirty  white  colour. 

Compare  600  fathoms,  o£E  Crozets. 

JSoundings  197  and  198.    Lines  parted. 

Sounding  199.  17th  June,  1874.  2600  fathoms.  Lat.  34^  60' S.,  long. 
166°  28'  E.  A  red  clay  containing : — Amorphous  clayey  matter ; 
many  exceedingly  fine  mineral  particles,  quartz,  mica,  red  and  green 
particles  (pumice?) ;  a  good  many  broken  pieces  of  pelagic  Forami- 
nifera and  a  few  Coccoliths ;  one  or  two  pieces  of  siliceous  spines ; 
one  or  two  manganese  grains. 

Sounding  200.  19th  June,  1874.  2600  fathoms.  Lat.  36°  41'  S.,  long. 
158**  29'  E.  A  red  day  containing : — ^Amorphous  clayey  matter ; 
many  very  fine  mineral  particles  of  a  white  and  black  colour ;  a  few 
broken  pieces  of  pelagic  Foraminifera;  a  few  broken  parts  of 
Badiolaria;  a  few  manganese  grains. 

Sounding  201.  21st  June,  1874.  1975  fathoms.  Lat.  37°  53'  S.,  long. 
163°  18'  E.  A  white  Olobigerina-ooze  containing: — ^Very  many 
pelagic  Foraminifera,  Coccoliths,  and  Ehabdoliths  ;  much  amorphous 
calcareous  and  some  clayey  matter;  a  good  many  Badiolaria;  one 
or  two  black  and  small  white  mineral  particles  (scoria  and  pumice?). 

Sounding  202.  22nd  June,  1874.  1100  fathoms.  Lat.  38°  36'  S., 
long.  166°  39'  E.  A  OloUgerinoroom  containing : — ^Very  many 
pelagic  Foraminifera,  Coccoliths,  and  Ehabdoliths;  some  amorphous 
calcareous  matter;  a  good  many  Eadiolarians  and  some  Diatom 
remains ;  one  or  two  small  green  and  red  mineral  particles. 
There  were  one  or  two  nearly  pure  white  casts  of  Foraminifera. 

Sounding  203.    23rd  June,  1874.    275  fathoms.    Lat.  38°  50'  S.,  long. 

169°  20'  E.    A  small  quantity  which  came  up  indicated  QloUgerinon 

ooze,  containing : — Many  pelagic  and  other  Foraminifera ;   many 

Coccoliths,  Ehabdoliths,  and  .^c^tni-spines. 

The  trawl  brought  up  many  Globigerinas,  Pulvinulinas,  Orbulinas,  and 

other  Foraminifera,  J^/^ini-spines,  surbce-shells,  &c.     All.  the  finer 

portions  of  the  bottom  had  been  washed  out  of  the  bag. 

23rd  June,  1874.  400  fathoms.  A  QlohigertJia'Ooze  containing: — • 
Many  pelagic  Foraminifera,  Coccoliths,  and  Ehabdoliths  (the  Cocco- 
liths were  very  large  and  numerous,  and  made  up  perhaps  15  cwt. 
of  the  bottom);  one  or  two  Eadiolarians  and  a  few  remains  of 
Diatoms ;  a  few  white  and  small  green  mineral  particles. 
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Many  internal  casts  of  the  Eoraminif era  remained  after  treatment  with 
acid.  These  were  green  and  grey  coloured.  The  smaller  chambers  were 
frequently  green,  while  the  larger  ones  were  white  or  grey  coloured. 

24th  June,  1874.  400  fathoms.  A  blue  mud  containing : — ^Very  many 
small  sandy  particles,  as  quartz,  mica,  &^.\  amorphous  clayey 
matter ;  many  pelagic  Foraminifera  and  a  few  Ooccoliths ;  no  Badio- 
larians  and  no  casts  of  the  Foraminifera  noticed. 

24th  June,  1874.  150  and  140  fathoms.  The  dredge  contained  a  blue 
mud,  containing : — ^Amorphous  clayey  matter ;  many  small  rounded 
green  and  black  particles  (glauconite),  as  on  the  Agulhas  Bank ; 
many  pelagic  Foraminifera,  a  few  pale  internal  green  casts  of  which 
remained  after  treatment  with  acid. 

24th  and  25th  June,  1874.  OfE  D'TJrville  Island,  New  Zealand,  in  75, 
49,  39,  40,  and  32  fathoms.  All  gave  a  blue  mud  containing : — 
Many  sandy  particles ;  amorphous  matter ;  portions  of  Echinoderms ; 
shells ;  shore  forms  of  Foraminifera  &c. 

Wellington^  New  Zealand^  to  Fiji  hlayvds. 

Sounding  204.  8th  July,  1874.  1100  fathoms.  Lat.  40°  28'  S.,  long. 
177°  43'  E.  A  blue  mud,  with  a  thin  red  top  layer,  containing : — 
Amorphous  matter ;  many  fine  and  coarse  sandy  particles,  as  quartK, 
pumice,  mica,  &c. ;  a  few  pelagic  Foraminifera  and  Coccoliths ;  a 
few  siliceous  spines. 

Sounding  205.  10th  July,  1874.  700  fathoms.  Lat.  ZT  34'  S.,  long. 
-  179°  22'  E.  A  blue  mud,  with  a  thin  red  upper  layer,  containing: — 
Amorphous  clayey  matter;  many  fine  and  coarse  sandy  particles,  as 
quartz,  pumice,  &c. ;  a  few  pelagic  Foraminifera  and  Coccoliths. 

Soundings  206  and  206  a.  14th  July,  1874.  520-600  fathoms.  Off 
Kermadec  Island.  Traces  of  a  grey  mud  came  up  on  the  sounding- 
tube.  This  contained  a  few  pelagic  Foraminifera  and  many  sandj 
particles ;  the  dredge  brought  up  some  very  large  pieces  of  pumice 
and  some  other  pieces  of  volcanic  rock. 

Sounding  207.    15th  July,  1874.     600  fathoms.    Lat.  28°  33'  8.,  long. 
177°  50'  W.    No  bottom  in  the  sounding-tube. 
The  dredge  brought  up  many  pieces  of  pumicestone. 

Sounding  208.  17th  July,  1874.  2900  fathoms.  Lat.  25°  6'  8.,  long. 
172°  56'  E.  A  red  clay  containing : — Much  amorphous  clayey 
matter;  many  fine  white  mineral  particles  and  a  few  larger  pieces 
of  pumice ;  one  or  two  portions  of  Sadiolaria ;  a  few  manganese 
grains. 
No  trace  of  carbonate  of  lime  in  this  sounding.    The  fine  mineral 

particles  appeared  to  be  broken-down  pieces  of  pumice. 

Sounding  208  a.    22nd  July,  1874.    18  fathoms.    Inside  the  reef,  Tonga- 
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tabu.  A  coral-mud  containing  : —  Some  amorphous  calcareous 
matter ;  debris  of  coral  reefs ;  immense  numbers  of  Orbitolites,  and 
a  few  other  shore  forms  of  Foraminifera,  Pteropods,  &c. 

22nd  July,  1874.  240  fathoms.  Outside  the  reef,  Tongatabu.  A 
coral-mud  containing: — Much  amorphous  calcareous  matter;  debris 
of  coral  reefs  ;  pelagic  and  other  Eoraminifera,  <&c. 

24th  July,  1874.  316  fathoms.  Off  Matuka  Island,  Fiji  Islands.  A 
coral-mud  containing: — Much  amorphous  calcareous  matter;  ddbris 
of  coral;  pelagic  Foraminifera,  Pteropods,  Heteropods,  and  other 
sur&ce  shells  and  shore  forms  of  Foraminifera ;  a  few  black  mineral 
particles. 

Off  Kandavu,  Fiji  Islands.  3rd  August,  1874,  140  fathoms.  Inside 
the  reef.  A  coral-mud  containing: — ^Much  amorphous  calcareous 
matter;  shore  forms  of  Foraminifera,  Pteropods,  spicules  of 
sponges,  &c. ;  a  few  green  and  red  mineral  particles. 

3rd  August,  1874.     255  and  210  fathoms.     Outside  the  reef,  Kandavu. 

A  coral-mud  containing: — ^Much  amorphous  calcareous    matter; 

debris  of  coral ;  Pteropods,  Heteropods,  and  surface  Gasteropods ; 

pelagic  and  other  Foraminifera,  Coccoliths,  and  Ehabdoliths ;  a  few 

sponge-spicules ;  a  few  green  and  red  mineral  particles. 
A  few  internal  casts  of  the  Foraminifera  and  Pteropods  remained  after 
treatment  with  acid. 

Sounding  209.  3rd  August,  1874.  610  fathoms.  A  coral-mud  con- 
taining:— ^Amorphous  calcareous  and  some  red  clayey  matter; 
many  Pteropod,  Heteropod,  larval  Gasteropod,  and  Lamellibranch 
shells;  pelagic  Foraminifera,  Coccoliths,  and  Ehabdoliths;  a  few 
red  and  white  mineral  particles  and  rather  large  pieces  of  pumice. 

Sounding  210.  12th  August,  1874.  1350  fathoms.  Lat.  19^  2'  8., 
long.  177°  10'  E.  A  Olobifjerina-ooze  of  a  red  colour  containing  : — 
Some  amorphous  calcareous  and  clayey  matter ;  very  many  pelagic 
Foraminifera,  Coccoliths,  and  Ehabdoliths;  very  small  mineral 
particles,  as  pumice;  a  black  scoria-like  mineral  and  manganese 
grains ;  one  or  two  broken  pieces  of  siliceous  spines. 
The  trawl  brought  up  many  pieces  of  pumice,  some  having  a  slight 

coating  of  peroxide  of  manganese. 

Bounding  211.  15th  August,  1874;  1450  fathoms.  Lat.  18°  30'  S., 
long.  173®  52'  E.  A  Olohigerina-ooze  of  a  red  colour  containing : — 
Some  amorphous  calcareous  and  clayey  matter ;  very  many  pelagic 
Foraminifera,  Coccoliths,  and  Ehabdoliths;  a  good  many  t>mall 
pieces  of  pumice  and  black  and  red  mineral  particles,  and  some 
manganese  grains. 
Many  very  complete  casts  of  the  Foraminifera,  of  a  red  colour, 

lemained  after  treatment  with  acid.    In  many  cases  the  red  ^^^V^^^.'^^^^ 


had  coated  as  well  as  iUletl  the  sheU,  so  that  wo  had  both  aii  exbmial 
and  internal  caat,  the  two  Ualuga  conjioctod  by  pillari  rcpi\^*cntiiiath^ 
{€iramlnfl  oi  the  shell,  ^fe^^ 

18th  Aaguat,  1S74.     Off  k\n,  New  Htjbrides.     fl7t  70,  and  125  fathoms! 

The  bottom  iji  each  case  wast  a  black  volcanic  sand,  with  which  were 

mbced  Fomminifera  and  Pten»pad  shells, 

SoandiD*,'212,  19th  August,  1H74.  2*150  fathoms,  I^it.  1(F  47^  S., 
long*  1 65*^  20'  E.  A  re4  clay  contain mg  i^Much  auiarphouit  ekyeY 
matter ;  many  fine  mineral  particles,  pumice,  and  black  and  brown 
particles ;  a  few  manganese  grains ;  one  or  two  Radiolana ;  no 
carbonate  of  lime* 

SoundiDg  2ia  21st  Augusts  1874,  2325  fathoms,  Lat,  15°  5S'  % 
long*  IfiO"^  48'  E.  A  red  clay  containing  i — Much  amorphous  clayey 
matter  ;  many  small  mineral  particles,  as  pumice,  mim,  red  mineral, 
Ac* ;  a  few  lemiuns  of  pelagic  Fomminifera  and  a  few  Cocci>liths»        , 

Sounding  214.  24th  August,  1874,  2450  fathoms,  Lat.  U"  7'  S„  loaf. 
153"'  43'  E.  A  red  clay  eontaining :— Much  amorphauw  claytj 
matter ;  many  very  fine  mineral  particles,  as  piimice  &e, ;  a  ft-w 
broken  remains  of  pelagic  Foraminifera ;  a  few  manganese  grain  a. 

Sounding  215.  2Dth  August,  1874,  2440  fathoms,  lAt.  13' 50 VS.,  long, 
lol'^  49'  E*  A  red  clay  containing,  in  the  upper  half  of  the  iiihs^ :— 
Much  amorphous  clayey  matter;  many  fine  mineral  particles,  as  puime« 
&c.;  a fewEadiolnria;  n^  r[irhr>Tin1<^-of-lirfH'  rtrijuii-trn'^.  In  ^l^e  k'^^cr 
half  of  the  tube  a  much  lighter-coloured  clay  containing': — Amorphous 
clayey  matter ;  fine  mineral  particles ;  a  few  Eadiolaria ;  a  great 
many  pelagic  Foraminifera  and  Coccoliths,  which  appeared  to  be 
entirely  absent  in  the  upper  layers. 
The  trawl  brought  up  many  pieces  of  pumice,  varying  from  the  size  of 

a  pea  to  that  of  an  egg. 

Sounding  216.  27th  August,  1874.  2275  fathoms.  Lat.  13°  6'  S., 
long.  148°  37'  E.  A  small  quantity  of  bottom  came  up,  which 
indicated  a  grey  clay  containing : — Amorphous  clayey  matter ;  fine 
mineral  particles;  a  few  pelagic  Foraminifera,  Coccoliths,  and 
Ehabdoliths. 

Sounding  217.  28th  August,  1874.  1700  fathoms.  Lat.  13°  42'  S., 
long.  146°  46'  E.  A  Olohigerina-ooze  of  a  light  brown  colour  con- 
taining : — Many  p9lagic  Foraminifera,  Ckxjcoliths,  and  Bhabdoliths; 
amorphous  clayey  matter ;  some  fine  mineral  particles ;  one  or  two 
parts  of  Badiolaria. 

Sounding  218.  29th  August,  1874.  1400  fathoms.  Lat.  12°  8'  S.,  long. 
145''  10'  E.  A  Olobigerina-ooze  of  a  light  brown  colour  con- 
taining : — Many  pelagic  Foraminifera,  Coccoliths,  and  Bhabdoliths; 
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a  good  deal  of  amorphous  clayey  and  calcareous  matter;    fine 
mineral  particles  (pumice) ;  a  few  siliceous  spines. 
The  trawl  contained  seyeral  pieces  of  water-logged  cocoanut  wood  and 
some  pieces  of  pumice. 

Soundings  inside  the  Barrier  reef  gaTe : — ^A  coral-mud,  made  up  of  much 
amorphous  calcareous  matter,  debris  of  coral,  Foraminifera,  &c 

9th  to  16th  September,  1874.  10  to  70  fathoms.  The  soundings  and 
dredgings  between  Cape  York  and  the  Arm  Islands,  across  the 
Arafura  Sea,  were  all  shallow  water,  10  to  70  fathoms.  In  each 
case  the  bottom  was  a  green  mud  containing: — ^Many  sandy 
particles,  as  quartz,  mica,  and  rounded  mineral  particles  of  a  green 
and  black  colour ;  much  amorphous  green-coloured  clayey  matter; 
broken  pieces  of  shell ;  sholre  forms  of  Foraminifera,  as  Textularias, 
Eotalias,  &c.,  and  i^tni-spines  &c. ;  a  few  remains  of  Diatoms. 
After  treatment  with  acid  there  always  remained  internal  casts  of  the 

Foraminifera.    Pelagic  Foraminifera,  Coccoliths,  Ehabdoliths,  Pteropods, 

and  Badiolaria  appeared  to  be  nearly  or  quite  absent  in  the  bottom  and 

in  the  surface-waters. 

Cape  York  to  Hongkong. 

Sounding  219.  23rd  September,  1874.  800  fathoms.  Lat.  5°  41'  S., 
long.  134°  4'  E.  A  green  mud  containing : — Much  green  amor- 
phous clayey  matter ;  many  small  mineral  particles  of  a  white,  black, 
and  green  colour ;  a  few  pelagic  and  other  Foraminifera ;  a  few 
Badiolarians  and  Diatoms. 

Sounding  220.  24th  September,  1874.  680  fathoms.  Lat.  5°  26'  S., 
long.  133°  19'  E.  A  green  mud  containing: — Green-coloured  amor- 
phous matter;  very  many  pelagic  Foraminifera,  Pteropods,  and 
Coccoliths ;  a  great  many  small  mineral  particles )  one  or  two  Ba- 
diolaria and  a  few  Diatoms. 
Many  pale-green  casts  of  the  Foraminifera  remained  after  treatment 

\irith  acid.    A  section  of  2  feet  3  inches  came  up  in  the  tube ;  the  lower 

layers  were  of  a  blue  rather  than  a  green  colour,  and  contained  fewer 

Poraminifera  than  the  upper  layers. 

26th  September,  1874.  129  fathoms.  A  blue  mud  containing : — A 
great  many  pelagic  Foraminifera  and  some  Pteropod  shells. 
These  were  imbedded  in  a  fine  amorphous  mud  of  a  blue  colour.  In 
the  dredge  there  came  up  some  large  pieces  of  rock,  which  required  a 
sharp  blow  with  a  hammer  to  break.  They  contained  many  Foramini- 
fera, and  appeared  to  be  merely  hardened  portions  of  the  bottom. 

Sounding  221.  28th  September,  1874.  2800  fathoms.  Banda  Sea. 
Lat.  6°  24'  S.,  long.  130°  37'  E.  A  blue  mud  with  a  red  upper 
layer,  containing : — Amorphous  clayey  matter ;  many  fine  and  a  few 
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rather  coarse  mineral  particles  of  a  wliite,  green,  and  black  colour ; 
a  few  Eadiolarian  remains ;  no  carbonate  of  lime. 

29th  September,  1874.  200  fathoms.  Bottom  composed  of  pebbles  and 
sandy  particles,  and  a  few  pelagic  Foraminif era. 

Sounding  222.  3rd  October,  1874.  1425  fathoms.  Lat.  4^  21'  S., 
long.  129°  7'  E.  A  blue  mud  with  reddish  upper  layer,  containing : — 
Much  amorphous  clayey  matter ;  many  sandy  particles  of  a  green 
and  black  colour  and  pumice ;  many  pelagic  Eoraminif  era  and  Coc- 
eoliths ;  a  good  many  Badiolaria. 
The  trawl  brought  up  soft  mud  of  a  brownish  colour,  in  which  were 

imbedded  some  large  lumps  of  blue  mud,  also  pieces  of  wood  and 

fruits. 

Molucca  Passage.  13th  October,  1874.  825  fathoms.  Lat.  0°  48'  S., 
long.  126°  58'  E.     Sounding  223.    No  bottom  came  up. 

Sounding  224.  14th  October,  1874.  1200  fathoms.  Lat.  0°  41'  N., 
long.  126°  37  J'  E.  A  small  quantity  of  bottom  came  up,  which 
indicated  a  grey  mud,  containing : — ^Very  many  particles  of  vol- 
canic sand ;  a  few  Foraminif  era  and  Eadiolaria. 

Celebes  Sea, 

Sounding  225.  20th  October,  1874.  2150  fathoms.  Lat.  2"  55'  K, 
long.  124°  53'  E.  A  grey  or  red  mud,  containing : — Amorphous 
clayey  matter ;  many  fine  mineral  particles  of  black,  green,  and  red 
colour  (pumice) ;  a  good  many  Badiolaria ;  no  carbonate  of  lime. 

Sounding  226.  22nd  October,  1874.  2600  fathoms.  Lat.  S*'  44'  K, 
long.  123°  34'  B.  A  grey  or  brown  mud,  containing : — Eed  amor- 
phous clayey  matter ;  very  many  fine  and  coarse  mineral  particles, 
as  quartz,  mica,  and  green  minerals ;  a  few  Badiolaria ;  no  carbo- 
nate of  lime. 

23rd  October,  1874..  255  fathoms.  A  small  quantity  of  bottom  came 
up,  which  indicated  a  green  mud,  containing : — ^Amorphous  clayey 
matter ;  many  mineral  particles ;  pelagic  Foraminif  era ;  Goccoliths ; 
^can^^me^m-spines  and  Diatoms. 

Sulu  Sea, 

26th  October,  1874.  98  and  102  fathoms.  Several  basaltic  pebbles 
came  up  in  the  sounding-tube.  In  the  dredge  there  was  a  large 
pebble  covered  with  Carpenteria  (c.  f.). 

Sounding  227.  27th  October,  1874.  2550  fathoms.  Lat.  8°  32'  N., 
long.  121°  55'  E.  A  blue  mud  with  reddish  upper  layer,  contain- 
ing : — Very  many  fine  particles  of  minerals — quartz,  mica,  and  a 
green  and  a  red  mineral ;  a  few  Badiolaria  and  Diatoms ;  one  or  two 
Ghhigerina  and  Coccoliths ;  a  few  manganese  grains. 
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2nd  November,  1874.    100  fathoms.    A  green  mud  containing : — Amor- 
phous matter;  many  pelagic  and  other  Foraminif era ;  Pteropods,  ' 
Heteropods,  surface  Gkusteropods,  and  larval  Lamellibranch  shells ; ' 
many  quartz,  mica,  and  green  and  black  mineral  particles ;  a  few 
siliceous  spines. 
Very  complete  casts  of  the  oarbonate-of-lime  organisms  in  pale  green 

remained  after  treatment  with  add. 

2nd  November,  1874.  705  fathoms.  Lat.  12°  24'  N.,  long.  122^  16'  E. 
A  green  mud  containing : — Much  amorphous  clayey  matter ;  very 
many  fine  mineral  particles  of  quartz,  mica,  and  a  green  minenJ ;  a 
few  pelagic  Foraminifera  and  a  few  broken  pieces  of  Pteropods  and 
other  surface  shells ;  a  few  Coccoliths. 

China  Sea. 

Sounding  229.  13th  November,  1874.  1050  fathoms.  Lat.  16^  42'  N., 
long.  119°  22'  E.  A  grey  mud  containing : — A  great  deal  of  amor- 
phous clayey  matter;  many  fine  black,  white,  and  green  mineral 
particles ;  a  good  many  pelagic  Foraminifera ;  a  few  Coccoliths ;  one 
or  two  manganese  grains. 

China  and  SuJu  Seas, 

Sounding  230.  8th  January,  1875.  2100  fathoms.  Lat.  17°  54'  N., 
long.  117°  14'  E.  A  blue  mud  with  reddish  upper  layer,  contain- 
ing : — Much  amorphous  clayey  matter ;  many  fine  white  and  a  few 
large  black  mineral  particles ;  a  good  many  Badiolarian  remains ; 
one  or  two  broken  pieces  of  Eadiolarians. 

Sounding  231.  16th  January,  1875.  700  fathoms.  Lat.  12°  21'  N., 
long.  122°  15'  E.  A  blue  mud  containing : — Amorphous  clayey 
matter;  many  fine  mineral  particles;  a  few  Globigennas,  Pulvinu- 
linas,  and  Orbulinas ;  Pteropods  and  Coccoliths ;  a  few  Badiolarian 
remains  and  Diatoms. 

22nd  January,  1875.  90  to  150  fathoms.  EupledeUorgroimd,  Zebu.  A 
soft  blue  mud  containing  : — Amorphous  clayey  matter;  many  fine 
sandy  particles ;  a  few  pelagic  and  other  Foraminif  era ;  a  few  shells 
of  larval  Gasteropods  and  Lamellibranchs ;  a  few  siliceous  spines. 

25th  January,  1875.  375  fathoms.  Sounding  232.  Lat.  9°  26' N.,  long. 
123°  45'  E.  A  blue  mud  containing : — ^Amorphous  clayey  matter ; 
very  many  fine  mineral  particles ;  a  few  pelagic  and  other  Forami- 
nifera ;  Pteropod  and  other  surface  shells ;  a  few  Eadiolarian  and 
Diatom  remains. 

26th  January,  1875.  185  fathoms.  Off  Camlguin  Island,  New  Volcano. 
A  green  mud  containing : — ^Very  many  red,  white,  and  black  mineral 
particles ;  green  amorphous  clayey  matter ;  a  few  pelagic  Foramini- 
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V       fern  ;  Pteropad  a^d  other  sheila ;  a  few  Jcmithmn^tra  and  Diatom 
H        xemamB, 

■Cbimdmg  233.  28tla  January,  1875,  2225  fathoms,  Lai.  8''  0'  K, 
■  long.  121^  42'  E.  A  blue  mud  with  an  upper  red  layer,  coQtain- 
H  ing  I — ^Much  amoTiihous  clayey  matter"  many  tine  miaeral  partidea 
H  of  a  white,  black,  and  grec^n  colour,  A  good  many  Bia^nns  ttod 
H  Uadiolaria ;  one  or  two  Braall  pieces  of  pelagic  Foraminifera, 
fcomidmg  234.  8th  February,  1875,  2050  fathoms.  Lat,  5"^  AT  N., 
B  long,  124°  1'  E,  A  blae  mud  with  an  upper  reddish  tinge,  ctm- 
H  taining  ■ — Amorphous  clayey  matter ;  many  fine  and  coarse  minen&lsi 
H  a  great  many  Diatom  and  Kadiolarian  remains ;  one  or  two  brakea 
H  portions  of  pelagic  ForamJnifera  ;  a  fmr  manganese  grains. 
H  Dredge  brought  up  some  hardened  lumps  of  the  bottom  ;  these  were 
Itraversed  by  black  streak t^  (manganese),  and  had  imbedded  in  them  some 
pieces  of  wood, 

I8ounding  235,     10th  February^  1875,     500  fathoms.    Lat,  4''  33*  N., 
long,  127"^  6'  Ep     A  grey  ooae  containing ; — Very  many  pelagic 
Foraminifera,  Pteropods,  and   other  sorfacc  shells ;   many  coarse 
and  fine  mineral  particles  of  a  white,  blaclt,  and  green  colour ;  a  few 
pale  white  ca-^ts  of  the  Foraminifera. 
The  dredge  brought  up  some  lar^,  flat,  liardened  pieces  of  tlie  bottotn. 
Sounding  23f5.     12th  Februar>%  1875,     2550  fathoms,     Lat.  4^  10' K„ 
long,  130^'  15'  E,     A  red  clay  con t aim' ug  ; — Much  amorphous  clayey 
matter ;  many  very  fine  white  mineral  particles  ;  a  good  many  Ba- 
diolaria  and  Diatoms ;  a  few  manganese  grains. 
The  trawl  brought  up  several  pieces  of  pumice  about  the  size  of  a 
» hen's  egg. 

Sounding  237.     16th  February,  1875.     1675  fathoms.    Lat.  2"  46'  N., 
long.  133°  58'  E.      A    Olohigerina-ooT^  containing : — Very  many 
pelagic  Foraminifera,  Coccoliths,  and  Ehabdoliths ;  a  great  many 
Eadiolaria  and  a  few  Diatom-reinains ;  amorphous  clayey  and  cal- 
careous matter  and  a  few  fine  mineral  particles. 
Sounding  238.     16th  February,  1875.     2000  fathoms.     Lat.  2°  56'  N., 
long.  134°  11'  E.   A  Glohigerina-ooze  of  a  red  colour,  containing: — 
Many  pelagic  Foraminifera,   Coccoliths,  and  Ehabdoliths ;  much 
clayey  matter ;  many  fine  mineral  particles  (pumice) ;  a  good  many 
Eadiolaria. 
The  trawl  contained  many  small  pieces  of  pumico  from  the  size  of  a 
marble  to  that  of  a  hen's  e^.    Some  of  these  had  a  slight  coating  of 
manganese. 

Sounding  239.  22nd  February,  1875.  2000  fathoms.  Lat.  0°  39'  8., 
long.  138°  55'  E.  A  blue  mud  containing : — Much  amorphous 
clayey  matter ;  many  fine  mineral  particles  (pumice  Ac.) ;  a  good 
many  Eadiolaria ;  a  few  broken  pieces  of  pelagic  Foraminifera. 
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Humboldt  Bay,  New  Guinea.  24tli  Pebruary,  1875.  37  fathoms.  A 
green  mud  containing: — Many  mineral  particles  and  amorphous 
matter ;  many  shore  forms  of  Foraminifera ;  a  few  Globigerinas, 
Pteropods,  and  other  surface  shells ;  a  few  green  internal  casts  of 
Poraminifera. 

Sounding  240.  1st  March,  1875.  1075  fathoms.  Lat.  2°  33'  S.,  long. 
144°  4'  E.  A  blue  mud  with  a  red  upper  layer,  containing : — Much 
amorphous  clayey  matter;  fine  black,  white,  and  green  mineral 
particles  (pumice) ;  a  great  many  pelagic  Foraminifera  and  CJocco- 
liths  ;  a  great  many  Eadiolaria. 
In  the  trawl  there  were  several  large  pieces  of  pumicestone,  pieces  of 

wood  and  fruits,  and  a  few  large  Pteropod  and  /an^Atna-shells. 

Nares  Harbour,  Admiralty  Islands.  7th  March,  1876.  25  to  16 
fathoms.  Dredgings  inside  the  harbour  gave  coral-muds  and  black 
sandy  muds,  or  a  mixture  of  these.    In  some  places  live  coral. 

Admiralty  Islands  to  Japan, 

10th  March,  1875.  Outside  Nares  Harbour,  152  fathoms.  Some  traces 
came  up  on  the  tube  which  indicated  a  green  mud,  containing : — 
Many  mineral  particles ;  debris  of  coral,  Foraminifera,  &c. 

Sounding  241.  11th  March,  1875.  1100  fathoms.  Lat.  0°  43'  S.,  long. 
147°  0'  E.  A  Ohhigerinarooze  containing : — ^Many  pelagic  Forami- 
nifera, Coccoliths,  and  Ehabdoliths ;  a  good  many  Badiolarian  re- 
mains ;  amorphous  clayey  and  calcareous  matter ;  some  fine  white 
and  black  mineral  particles  (pumice). 
Several  pumicestones  came  up  in  the  dredge. 

Sounding  242.  13th  March,  1875.  2650  fathoms.  Lat.  0°  40'  N.,  long. 
148°  41'  E.  A  red  clay  containing : — ^Much  amorphous  clayey  mat- 
ter ;  many  very  fine  mineral  particles ;  one  small  piece  of  pumice ; 
a  good  many  Badiolarians  ;  a  good  many  manganese  grains. 

Sounding  243.  16th  March,  1875.  2450  fathoms.  Lat.  2°  15'  N.,long. 
146°  16'  E.  A  red  clay  containing :— Much  amorphous  clayey  mat- 
ter ;  very  fine  mineral  particles ;  a  great  many  Badiolaria ;  a  few 
broken  pieces  of  pelagic  Foraminifera ;  some  manganese  grains. 

Sounding  244.  19th  March,  1875.  2325  fathoms.  Lat.  5°  31'  N., 
long.  145*^  13'  E.  A  grey  clay  containing : — Much*amorphous  clayey 
and  some  calcareous  matter ;  fine  mineral  particles  (a  red  and  yel- 
low cherty-like  mineral);  a  good  many  pelagic  Foraminifera;  a 
great  many  Badiolaria. 
Several  small  pieces  of  pumice  came  up  in  the  trawl. 

Sounding  245.  21st  March,  1875.  1850  fathoms.  Lat.  7°  45'  N., 
long.  144°  20'  E.  A  QloUgerinorOOia  with  red  tinge,  containing  : — 
Very  many  pelagic  Foraminifera  and  Coccoliths  ;  many  Badiolaria ; 
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some  amorphous  clayey  aud  calcareous  matter,  and  a  few  mineral 
particles. 
In  the  trawl  were  one  or  two  small  pieces  of  pumice. 

Sounding  246.  23rd  March,  1875.  4675  fathoms.  Lat.  11°  24'  N., 
long.  143°  16'  E.  A  trace  came  up  on  the  outside  of  the  tube  which 
indicated  a  Badiolarian  ooze  the  same  as  described  below,  No.  247. 

Sounding  247.     23rd  IVIarch,  1875.     4475  fathoms.    Lat.  11^  24'  N., 
long.  143°  16'  E.     A  Eadiolarian  ooze  (upper  layers  red,  lower 
layers  pale  straw-colour),  containing  chiefly  the  remains  of  Badio- 
laria,  Diatoms,  Challengerias,  and  other  deep-sea  Rhizopods  (soe 
notes  on  Surface  Animals,   p.  535);    one  or  two  white  mineral 
particles  (pumice?);  one  or  two  pieces  of  a  yellow  and  green  mineral 
(flinty  concretion  ?) ;  a  very  small  quantity  of  amorphous  clayey 
matter ;  many  small  peroxide  of  manganese  particles. 
A  section  of  about  3  inches  came  up  in  the  tube ;  the  upper  2  inches 
were  of  a  red  colour,  and  contained  very  many  of  the  small  manganese 
particles.     These  manganese  grains  apparently  gave  the  colour  to  these 
layers.    The  lower  inch  of  the  section  was  of  a  pale  yellow  colour,  and 
contained  relatively  many  fewer  manganese  grains.     In  all  other  re- 
spects the  two  layers  appeared  the  same.    The  lower  layer  was  to  the 
look  and  touch  very  much  like  the  Biatomaceous  ooze  taken  in  the  South 
Atlantic.     It  also  caked  in  the  same  way. 

Sounding  248.  2oth  March,  1875.  2300  fathoms.  Lat.  14  44'  N., 
long.  142^  13' E.  A  red  or  chocolate  clay  containing: — ^Much 
amorplious  clayey  matter ;  many  very  fine  uiinonil  partioK^^^ :  a 
great  many  Eadiolaria  and  Challengerias  ;  one  or  two  bmlxen  pieix\s 
of  p(?la«^c  roraminil'era  ;  many  manganese  grains. 
The  trawl  brought  up  several  pumicestones  coated  with  mangane>o, 

and  some  hardened  pieces  of  the  bottom. 

Sounding  240.  27th  March,  lS7o.  2175  fathoms.  Lat.  17  20' N., 
long.  141 "  21'  E.  A  red  or  chocolate  clay,  containing  : — !Mucb 
amorphous  clayey  matter :  many  fine  and  some  coarse*  minenil  par- 
ticles— quartz,  mica,  pumice,  &c. ;  a  few  Radiolarians  :  one  or  two 
broken  picjces  of  i)elagic  Foraminifera ;  many  manganese  grains. 

Sounding  250.  Olh  March,  1875.  2450  fathoms.  Lat.  10  24"  X., 
long.  141  I'S  E.  A  red  clay  containing : — Mueh  amorphous  clay^'V 
matter;  many  fine  and  some  rather  coarse  mineral  particles  (some 
of  these  pieces  of  areolar  pumice  of  a  green  colour,  and  containinir 
white  crystals) ;  a  few  l^adiolarians  and  other  siliceous  remains  :  a 
few  manganese  grains. 

Sounding  251.     1st  April,  1875.     2500  fathoms.     Lat.  22    1'  X.,  loncj. 

140  i>7'  Yj,     a  red  clay,  same  as  No.  25(>. 
Sounding  252.     5th  April,  1^75.     2425 fathoms.     Lat.  2«i    20   N.Jon;:. 
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137°  57'  E.  A  red  day  oontaming : — ^Much  amorphous  clayey 
matter ;  many  small  mineral  particles  of  a  white  and  black  colour ; 
many  Badiolarian,  Diatom,  and  ChaUengeria  remains ;  a  few  man* 
ganese  remains. 
Sounding  253.  9th  April,  1875.  2250  fathoms.  Lat.  3F  8'  N.,  long. 
137^  8'  E.  A  blue  mud  with  reddish  upper  layer,  containing : — 
Much  amorphous  blue  clayey  matter ;  many  fine  and  a  few  rather 
coarse  mineral  particles ;  many  remains  of  CTuillengena,  Badiolaria, 
and  Diatoms ;  two  pieces  of  pelagic  Foraminif era  noticed. 

Japan, 

Bounding  254.  12th  May,  1875.  345  fathoms,  ffyalonema-groxmd. 
A  green  mud  containing : — Much  amorphous  clayey  matter;  many 
mineral  particles  of  a  green,  white,  and  black  colour;  a  few  pelagic 
and  other  Foraminif  era ;  Coccoliths  and  broken  pieces  of  Pteropods 
and  other  shells ;  a  good  many  Diatom  and  Eadiolanan  remains ;  a 
few  casts  of  Foraminif  era  of  a  pale  green  colour. 

Inland  Sea,  Japan.  19th  to  31st  May,  1875.  8  to  20  fathoms.  Sound- 
ingB  and  dredgings  in  the  Inland  Sea,  Japan,  gave  always  a  blue 
mud  containing : — Amorphous  clayey  matter ;  many  mineral  par- 
ticles— mica,  quartz,  red  and  green  minerals ;  broken  pieces  of  large 
Gasteropods  and  Lamellibranch  shells ;  spines  of  Echini,  valves  of 
Cypridina,  and  shore  forms  of  Foraminifera. 
Shells  or  tests  of  pelagic  Foraminifera,  Pteropods,  and  Polycystina 

were  apparently  wanting  in  these  bottoms. 

Sounding  255.  3rd  June,  1875.  2675  fathoms.  Lat.  32^  31'  N., 
long.  135°  39'  E.  A  blue  mud  with  red  upper  layer  containing : — 
Much  amorphous  blue  clayey  matter;  many  fine  mineral  particles — 
mica,  pumice,  &c. ;  very  many  Diatom,  Challengeria^  and  Badiolarian 
remains;  two  shore  forms  of  Foraminifera  noticed;  no  pelagic 
Foraminifera. 

Sounding  256.    4th  June,  1875.    565  fathoms.    Lat.  34°  T  N.,  long. 

138^  0'  E.     A  small  quantity  came  up  which  indicated  a  green  mud 

containing : — ^Amorphous  matter ;  many  mineral  particles ;  a  good 

many  pelagic  Foraminifera ;  a  few  Diatoms. 

•     A  good  many  dark  and  light  green  coloured  casts  of  the  Foraminifera 

remained  after  treatment  with  add.   The  trawl  brought  up  some  pumice- 
stones. 

Sounding  257.    5th  June,  1875.    775  fathoms.    Lat.  34°  58'  N.,  long. 

139°  30'  E.    A  green  mud  containing : — Many  sandy  particles  of  a 

white,  green,  and  black  colour ;  peki^c  and  other  Foraminifera ; 

Diatoms  and  Sadiolaria. 

A  great  many  green  internal  casts  of  the  Foraminifera ;  in  the  trawl 

were  many  hardened  pieces  of  the  bottom,  volcanic  pebbles,  &c. 
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B  Ja^n  to  Honolttlu^  Snndwtth  Islands* 

^Sounding  258.     17th  Jime,  1 S75.    1876  fathomB.   Lat.  34"  37  K,,  loog, 
140*^  32'  E.   A  blue  mud  containing  :— -Much  amorphous  blue  davoj' 

(matter  ;  maHy  fine  and  some  coarse  mineral  partioles  of  a  Hack,  red^ 
and  green  colour ;  many  remains  of  Di&toins,  Badio]aria,  and  Chal- 
lengerias ;  one  or  t\\'o  Formanif  era  and  Coccolith«. 
lu  the  trai^l  were  several  large  pieces  of  pumicoslone,  hardened  pu^o^s 
of  the  hot  tern  honeycombed  hy  wonu-tulx^s,  a  few  large  PHeropod  ehelJji, 
a  Cephalopod'i  hmk,  and  t  wa  Tert-ebrH)  of  fish ;  the  surface  of  the 
pmnicestones  was  in  most  ca?es  black  with  peroxide  of  manganese ;  so  also 
was  the  surface  of  the  worm-traclis  in  the  hardened  pieces  of  the  bottom^ 

fdtliomB.  a      J  o    , 

Sounding  259.     18th  June,  1875,     3900,     Lat  35  18  N*,  long,  144  S  E, 
„       20€.     19th      „      ,»         3G25.      „    35  18  K,     „     147  &  E. 

tEaeh  a  red  cky  containing; — Mnch  amorpbous  clayey  matter; 
many  fine  and   some   rather  coarse   mineral  particles,    black  and 
white  in  colour,  and  pieces  of  pumice ;  reiy  many  remains  of  lladio- 
larianSj  Diatoms,  and  Cliallengerias, 
Bounding  ^6L     21  &t  June,  1875.     2900  fathoms,  Lat.  35^  20'  N,,  long. 
-  153""  39'  E,     A  red  clay,  the  lower  layers  light4Br  in  eolonr  than  the 
L       top  onei,  containing : — Amori^hous  dayej  matter;  many  fine  mineml 
^        p^irticles  and  a  few  ratber  large  pieces  of  pumicestone  ;  very  many 
remains  of  Diatoms,  Eadiolarians,  and  Challengerias  j  a  few  manga- 
nese grains. 
The  remains  of  siliceous  organisms  made  up  nearly  a  half  of   this 
bottom  in  bulk. 

Sounding  262.  23rd  June,  1875.  2300  fathoms.  Lat.  35°  41'  N.,  long. 
157°  42'  E.  A  red  clay,  the  upper  layers  soft,  the  lower  ones  com- 
pact and  of  a  lighter  colour,  containing : — Much  amorphous  clayey 
matter ;  many  fine  mineral  particles,  some  of  them  black,  but  the 
majority  apparently  broken-down  pieces  of  pumice;  very  many 
Eadiolarians,  Diatoms,  and  Challengerias ;  a  few  pelagic  Foramini- 
f  era  and  Coccoliths. 
The  trawl  brought  up  many  large  and  some  small  pieces  of  pmnice, 
most  of  them  having  a  slight  coating  of  peroxide  of  manganese. 

fathoraa.  ^     ,  o      i 

Sounding  263.  24th  June,  1875.  2575.  Lat.  35  29  N.,  long.  161  52  E. 
„  264.  26th  „  „  2800.  „  35  24N.,  „  166  35  E. 
„  265.  28th  „  „  2900,  „  35  22N.,  „  169  53  E. 
„  266.  30th  „  „  2775.  „  36  23N.,  „  174  31 E. 
In  all  these  a  red  or  chocolate  clay  containing : — Much  amorphous 
clayey  matter ;  very  many  fine  mineral  particles,  being  apparently 
broken-down  pieces  of  pumice,  also  some  rather  large  pieces  of 
pumice  (the  size  of  a  pea),  which  had  frequently  a  coating  of  man- 


Digiti 


zed  by  Google 


on  board  H.M.S.  'Challenger.'  507 

ganeso  ^  inch  in  thickness;  very  manj   Diatom,  Badiokriani 
and  Challengeria  remains  ;  verj  many  manganese  grains. 
The  trawl  brought  up  many  manganese  nodules  or  concretions  and 
two  shark's  teeth ;  these  nodules  had  in  most  cases  a  nucleus  of  pumice. 

Soundbg  267.  2nd  July,  1875.  205  fathoms.  Lat.  36°  10'  N., 
long.  178°  0'  E.  A  grey  clay  containing : — Much  amorphous  clayey 
matter;  many  fine  white  mineral  particles;  many  Badiolarian  and 
Diatom  remains ;  a  few  pelagic  Foraminiferaand  their  broken  parts 
and  Goccoliths. 
Several  ptunioestones  came  up  in  the  trawl,  the  smaller  ones  having  a 

coating  of  manganese. 

Sounding  268.  3rd  July,  1875.  2530  fathoms.  Lat.  35°  49' N.,  long. 
179°  57'  W.  (a)  Bed  clay,  the  upper  layer  in  the  tube  1  inch  thick, 
containing: — ^Much  amorphous  clayey  matter;  many  fine  mineral 
particles ;  many  Badiolarian  and  Diatom  remains ;  some  manganese 
grains ;  no  carbonate-of-lime  organisms. 

(h)  A  grey  clay,  in  lower  part  of  the  tube  4  inches  thick,  con- 
taining:— Same  as  in  the  upper  layer,  but,  in  addition,  a  good 
many  pelagic  Foraminifera  and  Goccoliths,  and  fewer  manganese 
grains. 

Sounding  269.    6th  July,  1875.    2900  fathoms.    Lat.  37°  41'  N.,  long. 

177^  4'  W.  A  red  clay  containing : — ^Much  amorphous  clayey  matter; 

many  fine  mineral  particles,  pieces  of  pumice,  and  black  and  white 

crystals;  many  Badiolarian,  Diatom,  and  GhaUengeria  remains;  two 

broken  pieces  of  Olohigerina  were  noticed. 
The  trawl  brought  up  many  manganese  nodules,  pieces  of  pumice  and 
sharks'  teeth ;  a  few  of  these  had  a  coating  of  peroxide  of  manganese 
I  inch  in  thickness.  Many  of  the  nodules  had  a  nucleus  of  pumice  sur- 
rounded by  )|  an  inch  of  the  black  manganese ;  some  were  black  man- 
ganese throughout  excepting  a  small  spot  in  the  centre ;  one  had  a  sili* 
ceous  sponge  {Farrea)  imbedded  in  an  inch  of  the  black  manganese. 

fathoms.  p      ,  ^      , 

Sounding  270.    7th  July,  1875.    3000.  Lat.  37  59  N.,  long.  171  68  W. 
„       271.    9th      „      „        3050.       „37  49N.,      „    166  47  W. 
„       272.    10th    „       „        2900.       „37  37N.,      „    163  26  W. 
„       273.    12th    „       „     ,2740.       „  37  52  N.,     „    160 17  W. 
I^  each  case  a  red  clay  containing: — Much  amorphous  clayey 
matter;  very  many  fine  white  mineral  particles  (pumice) ;  very  many 
Badiolarian,  Diatom,  and  Challengeria  remains ;  a  good  many  man- 
ganese grains.    In  270  and  271  the  remains  of  siliceous  organisms 
make  up  over  one  third  of  the  bottom  in  bulk» 
On  the  12th  July  the  trawl  brought  up  fully  a  bushel  of  manganese 
nodules ;  these  were  chiefly  of  a  rounded  or  kidney-shape,  like  a  lot  of 
potatoes,  the  largest  being  about  the  siase  of  a  cricket-ball :  one  of  the 
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t  (2x3x3  inches)  contamed  ixl  tlie  centre  a  large  shark's 
serrated  edges  ;  th^  tooth  was  well  preserved  and  was  about  I  j  bt  h 
in  lenglb*     Other  nodules  had  smaller  teeth,  but  th©  majority  had  a 
nucleus  of  pumie©. 

SoundjDg  274,     14th  July,  1875.     3125  fathoms.    LaU  38*'  9'  N-,  Icmg. 
160^  2*Tt  W.     A  red   elay   eontaining ', — Much   amorphoua  ciay^ 
matter ;  very  mauy  fina  mineral  particles  (pumioo) ;  a  great  tnanf  j 
KAdiolaria  and  manganetse  grmns. 
Tho  dredge  brought  up  several  nodules  aud  pumieestones*     One  large 
nodido  or  eonei^tion  o£  manganese  waa  12x8x2  inches,  mid  had  a 
nui'leus  of  clay  aud  hard  eherty-likc  mineral  matter ;  its  upper  nurfaoo 
wa§  smooth  and  had  one  Nodoiaria  and  several  small  pieces  of  puniioo 
wmuuted  to  it  by  layers  of  niangauefl^.     Attached  to  its  surface  and 
living   were— reticulated   Ehoxopod   tubes,   S£rpula  and   other  worm- 
tuhesj  Polyzoa,  £^.    lt&  inner  eurface  was  rough  and  unii\  en,  and  hat!  a 
worm-tube  attached  t-o  one  edjje. 

Sounding  276.  17th  July,  187a.  3025.  Lat.  3513  K,  long.  15443  W, 
,,  270.  It^th  „  ,,  2850,  „  32  30K,  ,,  16433tr. 
„  277.  2lst  „  „  2mX  ,,  30  22^,  „  IMdSTT, 
„  278,  23rd  „  „  2875.  „  2733K-,  „  154  55  W. 
„  279.  24th  „  „  2775.  ,,  26  5  N.,  „  155  6V. 
In  each  case  a  red  clay  containing: — ^Much  amorphous  clayey  matter; 
many  fine  white  mineral  particles  (pumice),  and  occasionally  some 
small  pieces  of  a  red  mineral ;  a  few  Eadiolarian  remains  and  man- 
ganese grains. 
The  dredge  on  the  21st  July  contained  much  mud,  in  which  were  a  few 

manganese  nodules,  about  a  dozen  sharks'  teeth,  some  with  a  coating  of 

manganese,  and  one  or  two  pieces  of  pumieestone. 

Sounding  280.  26th  July,  1876.  2225  fathoms.  Lat.  23°  3'  N.,  long. 
156^  6'  W.  A  red  clay  containing : — Much  amorphous  dayey  matter; 
many  fine  and  some  rather  coarse  mineral  particles  (pumice  and  red, 
black,  and  yellow  minerals);  a  few  Badiolaria  and  ChaUengma 
remains ;  a  few  manganese  grains. 

Sounding  281.  27th  July,  1875.  310  fathoms.  Off  Oahu,  Sandwich 
Ishmds.  Some  traces  of  volcanic  sand  and  coral  d^ris  on  the  dredge. 

Honolulu  to  Tahiti, 

Honolulu,  August  1875.  4  to  16  fathoms.  Inside  the  reef s.  A  blue  mud 
containing : — Much  amorphous  matter ;  many  fine  mineral  particles, 
the  debris  of  volcanic  rocks ;  a  few  Foraminifera  and  debris  of  coral. 

Outside  the  reefs.  20  to  40  fathoms.  A  coral-sand  containing : — ^Debris 
of  coral,  Polyzoa  and  Foraminifera,  surface  shells,  &c. ;  a  few  black 
sandy  particles. 


I 


Digiti 


zed  by  Google 


on  board  H.M.S.  ^  Challenger.'  509 

Sounding  282.  12th  August,  1875.  2050  fathoms.  Lat.  20^  18' N.,  long. 
157°  13'  "W.  A  trace  of  bottom  "came  up  on  the  tube,  which  indi- 
cated a  grey  clay  containing: — Amorphous  clayey  matter;  many 
remains  of  Badiolaria  and  Diatoms ;  one  or  two  pelagic  Foramini- 
fera  and  their  broken  parts. 

Sounding  283.  20th  August,  1875.  2875  fathoms.  Lat.  19°  10'  K, 
long.  154°  12'  "W.  A  grey  mud  or  sand  containing  chiefly: — 
Volcanic  sand  and  pumice ;  these  mineral  particles  were  of  a  green 
colour,  like  the  areolar  lava  and  Pele's  hair  at  Kilauea  Hawaii,  also 
some  olivine  and  black  particles ;  a  great  many  Badiolaria,  OhaU 
lengeria,  and  Diatom  remains ;  very  little  amorphous  clayey  matter. 

Sounding  284.  21st  August,  1875.  2650  fathoms.  Lat.  17°  33'  N., 
long.  153°  36'  W.  A  grey  mud  containing  chiefly : — The  d^ris  of 
volcanic  rock  in  a  finer  state  of  division  than  yesterday ;  a  great 
many  Badiolarian  and  Diatom  remains ;  rather  more  amorphous 
clayey  matter  than  yesterday. 

Sounding  285.    23rd  August,  1875.    3000  fathoms.    Lat.  14°  19'  N., 
long.  152°  37'  W.      A  red  clay  containing: — Much  amorphous 
matter ;  very  many  fine  mineral  particles,  red  and  yellow  or  green 
colour ;  a  few  Badiolarian  and  Diatom  remains ;  a  good  many  man- 
ganese particles. 
Several  manganese  nodules  came  up  in  the  trawl;  these  were  more 
angular  than  usual  and  appear  to  have  been  formed  on  hardened  portions 
of  the  bottom ;  some  had  a  cherty-like  nucleus  with  concentric  coloured 
layers  as  in  agate.    There  were  some  hardened  pieces  of  bottom  also  in 
the  trawl,  some  with  just  a  slight  coating  of  manganese,  others  perforated 
in  various  directions  by  worm-tracks. 

Sounding  286.  25th  August,  1875.  2900  fathoms.  Lat.  12°  42'  N., 
long.  152°  1'  "W.  A  red  clay  containing: — ^Much  amorphous  clayey 
matter;  many  very  fine  white  mineral  particles;  a  great  many 
remains  of  Badiolaria,  Diatoms,  and  ChaUengeria ;  a  few  manganese 
grains. 
The  dredge  brought  up  much  mud.    In  the  washings  were  several 

pieces  of  pumice  about  the  luze  of  peas.    One  manganese  nodule  the  size 

of  a  marble;  three  or  four  large  Pidvinulinas.    Over  a  third  of  the 

bottom  made  up  of  siliceous  remains. 

Sounding  287.  26th  August,  1875.  2750  fathoms.  Lat.  11°  11'  N., 
long.  152°  2'  "W.  A  Badiolarian  ooze  of  a  brown  colour  contain- 
ing : — Lnmense  numbers  of  Badiolarians,  Diatoms,  and  some  ChaJ- 
Itngeria  remains;  some  amorphous  clayey  matter;  a  few  small 
white  and  some  red-coloured  mineral  particles ;  a  few  manganese 
particles. 
There  were  some  yellow-coloured  spots  in  the  bottom,  but  it  was 
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mostly  of  a  brown  colour*     It  \vm  more  compact  thaa  jmteriskf^  and 
coataitiod  inons  Eudiolarians  and  feVer  pieces  of  the  delicate  Iftrge  cjlm^^, 
drietil  Diatom  (see  not^^s  on  Diatoms ,  j>»  533),  fl 

Sounding  288,  2Btli  August,  1875,  2700  fathoms.  Lat.  B"  28'  N, 
long.  150"  49'  W*  A  smaU  quantity  cam o  up^  which  indicated  n 
Radiolarian  ooze  of  a  yellow*  coloiu*  contain  ing  ; — Gr^eat  numbers  of 
Radiolarian  and  remains  of  other  siliceous  organisms  ;  a  few 
rounded,  olive-coloured,  and  some  emaU  white  mineral  particleJ ; 
some  manganese  grains. 
Tlio  colour  of  this  sounding  was  the  same  as  the  lower  layer  of  ourdet>pest 
sounding,  4475  fathoms,  and  as  the  yellow  patches  in  the  last  sounding, 

^ Sounding  2S9,  30th  August,  1875.  2900  fathoms.  Lat,  7"  35'  X,, 
long*  149""  49'  E,  A  Hodiolarian  ooze  of  a  brown  colour,  with  a 
thin  upp^if  layer  of  a  pale  straw-colour,  containing ;— Immense 
numbers  of  Kadiolarians,  Diatom,  ChaHemjeria^  and  remains  of 
other  siliceous  organisms  ;  a  few  small  white  and  yellow  mineral 
■  particles  ;  some  amorphous  clayey  matter* ;  a  good  many  manganese 
'     grains,  m 

There  appeared  to  be  a  thin  surfaoe-hiyer  of  a  yellow  colour.     It  dif^ 
fered  from  the  mass  of  thu  bottom  beneath  only  in  the  relatively  leas 
abundance  of  mangimese  grains. 
f    Sounding  290,     2nd  September,  1S75,     2550  fathoms,     I^t*  5**  54*  N,, 
long.  147°  2'  W.     A  Eadiolarian  ooze,  upper  layer  yellow,  lower 
layer  brown-coloured,  containing: — Immense  niunbers  of  Eadio- 
larian, Diatom,  and  Challengeria  remains ;  a  few  pelagic  Forami- 
nifera  and  their  broken  parts  (Pulvinulinas,  Orbulinas,  Globigerinas) 
and  some  CJoccoliths ;  some  amorphous  clayey  matter. 
The  Foraminifera  appeared  to  be  confined  to  the  top  layer  chiefly. 
There  were  fewer  manganese  grains  in  this  sounding  than  in  the  last, 
and  in  this  sounding  they  were  more  abundant  in  the  lower  than  upper 
layer. 

Sounding  291.     4th  September,  1875.    2925  fathoms.    Lat.  2^  34'  N., 
long.  149°  9'  W.     A  Olohigerina-ooze,  upper  layers  brown,  lower 
layers  cream-white  colour,  containing : — ^Very  many  pelagic  Fora- 
minifera and  their  broken-down  parts,  and  Coccoliths ;  many  Eadio- 
laha ;    remains  of  other  siliceous  organisms  ;  a  good  deal  of  amor- 
phous calcareous  and  some  clayey  matter ;  very  few  mineral  particles 
of  any  kind  other  than  manganese  grains. 
The  carbonate-of-lime  organisms  were  most  abundant  in  the  lower 
layers.     The  upper  brown  layer    had   carbonate-of-lime  and  siliceous 
organisms  in  nearly  equal  proportions,  and  this  layer  had  more  clayey 
matter  and  manganese  grains  than  the  one  underneath. 
Sounding  292.     6th  September,  1875.     2425  fathoms.     Lat.  0°  33'  S., 
long.  151°  34'  W,    A  white  Olobigeritia-ooze  containing : — Great 
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numbers  of  pelagic  Foraminifera,  their  broken-down  parts,  and 

Cocooliths ;  a  good  many  Eadiolarians  and  some  broken  Diatoms  ; 

some  amorphous  calcareous  but  very  little  clayey  matter. 

Few,  if  any,  mineral  particles  other  than  manganese  grains,  of  which 

there  were  a  few.    A  good  deal  of  the  bottom  came  up  in  the  tow-net 

attached  to  the  trawl.    In  the  washings  there  was  one  piece  of  pumice 

about  the  size  of  a  hen's  egg. 

Sounding  293.    8th  September,  1875.    2600  fathoms.    Lat.  3°  48'  S., 
long.  152°  56'  "W.    A  Badiolanan  ooze  of  brown  colour  contain- 
ing '.-^Immense  numbers  of  Eadiolaria,  Diatoms,  and  CJtallengeria ; 
a  few  broken  pieces  of  large  pelagic  Foraminifera,  and  one  or  two 
perfect  specimens ;  a  little  amorphous  clayey  matter. 
Few,  if  any,  mineral  particles  other  than  the  manganese  particles, 
i^hich  were  abundant.     One  of  these  last  (about  the  size  of  a  pea),  which 
I  broke,  appeared  to  be  formed  on  a  nucleus  of  pumice. 

In  the  trawl  were  several  manganese  nodules ;  one,  the  size  of  a  hen's 
e^,  appeared  to  be  formed  on  a  nucleus  of  ordinary  pumice.  Also  one 
areolar  piece  of  pumice  (or  lava)  of  a  green  colour  like  that  from  the 
Sandwich  Islands.    Several  yellow  and  red  cherty-like  pieces  of  mineral. 

Sounding  294.  9th  September,  1875.  2350  fathoms.  Lat.  5°  0'  S., 
long.  152°  26'  W.  A  Eadiolarian  ooze  of  a  chocolate-colour  con- 
taining : — Great  numbers  of  Eadiolaria  and  the  broken  exuvisB  of 
these  and  other  siliceous  organisms;  a  few  pelagic  Foraminifera 
and  their  broken  parts ;  a  few  CJoccoliths ;  a  few  red  and  yellow 
mineral  particles ;  manganese  grains  in  great  abundance. 

Sounding  295.  11th  September,  1875.  2750  fathoms.  Lat.  7°  26'  S., 
long.  152°  15'  "W.  A  Eadiolarian  ooze  of  a  chocolate-colour  con- 
taining : — Great  numbers  of  Eadiolaria  and  the  exuviaB  of  other 
siliceous  organisms ;  many  pieces  of  black  manganese,  some  pieces 
of  red  and  yellow  minerals,  these  latter  being  perfect  crystals,  and 
some  pieces  of  pumicestones ;  some  amorphous  clayey  matter;  a 
few  broken  pieces  of  pelagic  Foraminifera. 
The  trawl  brought  up  fully  a  peck  of  manganese  nodules  and  some 

mud.    Amongst  the  nodules  were  some  with  a  nucleus  of  pumice,  of 

sharks'  teeth,  and  of  the  ear-bones  of  cetaceans ;  some  of  the  sharks'  teeth 

had  a  very  light  coating  of  manganese. 

Sounding  296.  14th  September,  1875.  2610  fathoms.  Lat.  11°  11'  S., 
long.  150°  30'  W.  A  dark  chocolate  clay  containing  chiefly : — Small 
yellow  crystals  and  rounded  particles  of  a  red  mineral  about  the  size 
of  a  pea ;  very  many  manganese  particles  and  grains ;  a  few  pieces 
of  Eadiolarian  tests  ;  a  few  small  sharks'  teeth  ;  amorphous  clayey 
matter. 

Sounding  297.    16th  September,  1875.    2350  fathoms.    Lat.  13°  28'  S., 
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long*  14U''  30'  W.     Ill  the  t^p  of  the  tube  a  Globigtrma.-oom' 

light  brown  eoiour  contttLning :— Ver}^  many  peliigie  Fomfliimft^w 

aud  Coocolibhs  J  amorphous  clft)xy  matter  aiid  luaiiy  small  yetlaw 

crystals  and  partidea  of  the  peroxide  of  mangauese.     In  the  lower 

part  of  the  tube  a  dark  chocolate  clay  eoDtaining : — Very  many  smaH 

yellow  crystals;  piecea  of  a  red  and  yellow  nuneml  and  pumice 

particleB  ;  many  small  sharks'  teeth ;  amorphous  clayey  matter,  aad 

great  numbers  of  manganese  particles  and  grojna. 

The  transitions  from  the  dark  chocolat^^  clay  at  the  bottom  to  the  Kght 

brown  Ohhitjertna^-oo'i£i  on  the  top  was  very  gradual,  the  Eghter  colour 

and  the  carhoDate  of  lime  increasing  pari  jxi^sit.    The  yellow  crystaJs  and 

roanganese  particles  were  most  abundant  in  the  lowor  portions  of  the 

tube.     Eadiolaria  and  other  iiliceous  remains  were  almost  wanting  m 

this  bottom. 

The  trawl  brought  up  about  half  a  ton  of  mangaueee  nodules,  some 
small  pieces  of  pumice,  several  sbarka'  teeth,  one  of  which  was  3  inchai 
aeross  the  base.  Some  of  these  were  deeply  and  others  only  slightly 
Doated  with  maoganese. 

Sounding  298,  ITtb  September,  1 87^.  2325  fathoms,  Lat.  13^  7'  S., 
long,  l-iy""  41'  W*  This  bottom  nearly  the  same  as  described  for 
yesterday.  It  had,  however,  more  mineral  particles  and  fewer  of 
the  small  yellow  crystals  in  all  its  parts  j  also  few  manganese  par- 
ticles. 
Sounding  299.  18th  September,  1875.  1525  fathoms.  Lat.  17°  13'  S., 
long.  149°  33'  W.  A  grey  mud  containing : — ^Amorphous  clayey 
matter ;  many  fine  and  coarse  mineral  particles  of  a  white,  red,  and 
yellow  colour ;  many  pelagic  Foraminifera ;  Coccoliths  and  Ehabdo- 
liths  ;  one  or  t\*'0  portions  of  Eadiolaria. 

Off  Tahiti,  Society  Islands. 

Sounding  300.  20th  October,  1875.  420,  590,  620,  and  680  fathoms. 
In  each  case  a  grey  or  blue  mud  containing : — Very  many  particles 
of  ^  olcaiiic  sand  and  amorphous  matter ;  debris  of  coral ;  pelagic  and 
other  Foraminifera ;  larval  Gasteropods  and  Lamellibranchs ;  Echini- 
spines  &c.  In  the  two  deeper  ones  there  was  a  red  surface-layer. 
Just  outside  the  reefs  at  Tahiti  there  was  a  coral-mud  containing  a  few 

mineral  particles  ;  inside  the  reefs  there  was  a  soft  blue  mud. 

Tahiti  to  Valparaiso. 

Sounding  301.  4th  October,  1875.  1940  fathoms.  Lat.  18°  40' S.,  long. 
149°  52'  W.  A  grey  Olohigerina-ooze  containing : — ^Very  many 
pelagic  Foraminifera ;  Coccoliths  and  Ehabdoliths ;  some  amorphous 
clayey  aud  calcareous  matter ;  some  manganese  grains  ;  a  good  many 
rather  coarse  mineral  particles  of  a  brown  and  black  colour;  a  good 
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many  intemal  and  external  casts  of  the  Foraminifera  in  a  red  sub- 
stance, as  on  15th  Augast,  1874. 
Two  or  three  hardened  pieces  of  the  bottom,  coated  with  manganese, 
were  in  the  trawl. 

Sounding  302.     6th  October,  1875.     2385  fathoms.    Lat.  22°  21'  S., 

long.  150°  17'  W.    No  bottom  came  up  in  the  sounding-tube.    The 

trawl  brought  up  some  dark  chocolate  clay  and  many  manganese 

nodules  and  sharks'  teeth.    Washing  away  the  amorphous  matter 

from  some  of  the  bottom  there  remained  a  large  amount  of  sediment, 

consisting  almost  entirely  of  small  rounded  red  mineral  particles. 

Many  of  these  had  the  form  of  both  Eoraminifera  and  Badiolaria; 

and  it  seemed  as  if  some  substance  had  been  deposited  in  and  on 

these  organisms.  There  were  also  many  manganese  particles ;  one  or 

two  pelagic  Foraminifera. 

In  the  washing  of  the  mud  in  the  trawl  were  great  numbers  of  sharks' 

teeth,  the  largest  being  4  inches  across  the  base.   One  piece  of  manganese 

concretion  measured  18  x  12  x  2  inches,  and  had  a  mass  of  soft  red  or 

yellow  clay  in  the  centre.    There  were  two  or  three  pieces  of  pumice. 

Sounding  303.  7th  October,  1875.  2450  fathoms.  Lat.  23^35' S.,  long. 
150°  3'  W.  A  dark  brown  clay,  same  as  described  yesterday,  con- 
taining : — Amorphous  clayey  matter ;  rounded  yellow  minerals,  many 
Eadiolarian-shaped ;  pieces  of  pumice  and  other  minerals ;  very  many 
manganese  particles ;  a  few  Sadiolaria. 

Sounding  304.  9th  October,  1875.  2075  fathoms.  Lat.  26""  9'  S., 
long.  145°  17'  "W.  In  the  upper  part  of  the  tube  a  Olohu/erina-ooze 
of  a  light  brown  colour  containing : — ^Very  many  pelagic  and  other 
Foraminifera;  Goccoliths,  Ehabdoliths,  and  .^c^ini-spines ;  small 
yellow  crystals  and  pieces  of  a  red  and  yellow  cherty-like  mineral ; 
some  amorphous  clayey  matter.  In  the  lower  part  of  the  tube  a 
dark  chocolate  day  containing : — Much  amorphous  clayey  matter ; 
very  many  yellow  crystals  and  pellets  of  peroxide  of  manganese ;  a 
few  broken  pelagic  Foraminifera. 
The  transition  from  the  one  to  the  other  deposit  was  quite  gradual. 

This  sounding  was  very  like  that  on  16th  September  last. 
Bemains  of  Badiolaria  and  other  siliceous  organisms  appeared  to  be 

entirely  wanting  in  this  sounding. 

Sounding  305.  11th  October,  1875.  1985  fathoms.  Lat.  28°  22'  S., 
long.  141°  22'  W.  A  Glohigerina-ooze  of  light  yellow  colour  con- 
taining : — Great  numbers  of  pelagic  Foraminifera ;  Goccoliths  and 
Bhabdoliths ;  i^c^tni-spines  ;  a  good  many  Sadiolarian  remains ; 
amorphous  clayey  matter  and  manganese  grains ;  a  few  pieces  of 
vesicular  laya,  of  a  green  colour,  like  that  at  the  Hawaiian  Islands. 

Sounding  306.    14th  October,  1876.    2376  fathoms,    Ia^^^^'^^-. 
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long.  137°  43'  "W.    A  dark  cliooolate  clay  containing : — ^Amorphous 

clayey  matter ;  many  small  yellow  crystab  and  pumice ;  pieces  of 

red  cherty-like  mineral ;  many  manganese  grains  and  pellets ;  a  few 

remains  of  pelagic  Foraminifera. 

The  trawl  brought  up  some  mud  and  over  a  bushel  of  manganese 

nodules  and  some  pieces  of  pumice.     Amongst  the  nodules  were : — ^Many 

sharks'  teeth,  some  deeply  imbedded  in  manganese;   eight  tympanic 

bones  of  Cetaceans,  some  deeply  imbedded  in  manganese.     Some  nodules 

had  a  nucleus  of  bone,  some  of  pumice,  some  a  cherty-like  mineral  with 

agate  bands. 

Sounding  307.    16th  October,  1875.    2335  fathoms.    Lat.  33°  29'  S., 
long.  133°  22'  "W.    In  upper  part  of  tube,  2  inches,  a  dark  choco- 
late clay  containing : — Much  amorphous  clayey  matter ;  many  small 
yellow  crystals,  pieces  of  a  cherty-like  mineral,  and  many  manganese 
grains  and  pellets ;  a  few  remains  of  pelagic  Eoraminif era.    In  lower 
part  of  the  tube,  5  inches,  a  light  brown  clay  containing,  besides  the 
things  in  the  upper  layer : — ^Many  more  pelagic  Foraminifera,  and 
immense  numbers  of  Coocoliths. 
The  lighter  colour  of  the  lower  layers  appeared  to  be  due  to  the  greater 
abundance  of  carbonate-of-lime  organisms,  and  consequently  less  abun- 
dance of  manganese  particles. 

This  arrangement  of  the  contents  of  the  sounding-tube  is  the  reverse 
of  that  on  the  9th  inst. 

The  trawl  brought  up  over  a  bushel  of  nodules  <&c.,  as : — 
Over  100  sharks'  teeth,  \ 

About  30  tympanic  bones  of  Cetaceans,  i  All  these  had  a  more  or 
Portions  of  other  bones,  >        less  coating  of  per- 

One  granitic  pebble,  I        oxide  of  manganese. 

Grey  concretions  of  the  bottom.  / 

Also  some  nodules  with  no  apparent  nucleus,  and  some  with  a  hard 
cheriy  yellow  mineral  in  the  centre. 

Sounding  308.  19th  October,  1875.  2400  fathoms.  Lat.  36°  33'  8., 
long.  132°  55'  "W.  A  dark  chocolate  clay  containing : — Amorphous 
clayey  matter;  many  manganese  grains;  small  yellow  crystals, 
rounded  pellets  of  a  red-brown  mineral;  a  few  pieces  of  pelagic 
Foraminifera. 
The  remams  of  the  Foraminifera  appeared  to  be  confined  to  the  upper 

layer. 

Sounding  309.  2l8t  October,  1875.  2600  fathoms.  Lat.  40°  8'  S., 
long.  132°  56'  W.  A  chocolate  clay  containing : — Amorphous  clayey 
matter ;  many  manganese  grains  and  pellets ;  small  crystals,  same 
as  in  late  soundings,  but  had  not  the  yellow  colour;  angular  pieces 
of  a  cherty-like  mineral ;  small  teeth  of  sharks. 
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There  was  a  section  of  over  a  foot;  it  was  of  a  chocolate-colour 
throughout,  except  two  small  yellow  spots. 

Sounding  310.     23rd  October,  1875.    2560  fathoms.    Lat.  39°  47'  S., 
long.  131°  20'  W.     Two  small  pieces  of  manganese  and  three  small 
pieces  of  a  cherty-like  mineral  in  the  tube ;  a  trace  of  brown  mud  on 
the  outside  of  the  tube  indicating  a  bottom  like  the  last. 
In  the  trawl  were  many  rounded  manganese  nodules  to  which  some 
traces  of  mud  adhered.    The  nodules  had  nuclei  of  sharks'  teeth,  tym- 
panic bones  of  cetacea,  agate-like  minerals,  pieces  of  bones ;  and  in  all  cases 
these  were  deeply  imbedded  in  manganese,  in  some  cases  a  coating  of 
over  an  inch  in  concentric  layers.    It  is  curious  and  significant  that  not 
much  (other  than  a  trace)  clay  came  up  in  the  sounding-tube,  the  bag  of  the 
trawl,  or  in  the  tow-nets  attached  to  the  trawl  and  weight.    All  this 
indicates  that  the  manganese  was  in  great  abundance  at  this  spot. 

Sounding  311.  25th  October,  1875.  2300  fathoms.  Lat.  39°  16'  S., 
long.  124°  T  W.  A  streak  of  black  manganese  on  the  outside  of 
the  tube,  as  if  it  had  been  rubbed  against  a  nodule.  A  small  portion 
of  mud  adhered  to  the  water-botlle,  which  indicated  a  dark  chocolate 
clay  containing: — ^Amorphous  clayey  matter;  much  manganese; 
piece  of  a  red  mineral ;  a  few  remains  of  pelagic  Foraminif era  and 
some  Coccoliths.- 

Sounding  312.  27th  October,  1875.  2250  fathoms.  Lat.  39°  13'  S., 
long.  118°  49'  W.  On  the  outside  of  the  tube  a  streak  of  manga- 
nese, as  if  it  had  struck  a  nodule.  Inside  the  tube  a  little  light 
brown  clay  containing : — Amorphous  clayey  matter ;  many  particles 
of  a  black  manganese  and  of  a  red  mineral ;  a  good  many  pelagic 
Foraminifera  and  Coccoliths. 
The  trawl  brought  up  one  small  manganese  nodule.    The  frame  of  the 

trawl  had  many  streaks  of  manganese. 

Sounding  313.  29th  October,  1875.  1600  fathoms.  Lat.  38°  44'  S., 
long.  112°  34'  W.  A  Olobigerina-oom  containing : — Great  numbers 
of  pelagic  and  a  few  other  Poraminif era ;  many  Coccoliths  and 
Shabdoliths ;  many  manganese  grains  and  one  or  two  particles  of  a 
red  mineral. 
There  was  very  little  amorphous  matter  in  this  sounding ;  the  brown 

colour  is  due  to  the  presence  of  the  manganese  grains. 

Sounding  314.  1st  November,  1875.  2025  fathoms.  Lat.  39°  4'  S., 
long.  105°  5'  W.  A  Olohigennarooiie  of  a  red  colour  containing : — 
Very  many  pelagic  Foraminifera  and  others ;  Coccoliths  and  Bhab- 
doHths  and  (Tf^rtc^tno^yalyes ;  some  amorphous  clayey  matter; 
many  manganese  particles,  and  some  particles  of  red,  yellow,  and 
black  minerals. 
The  lower  layers  were  of  a  darker  colour  than  the  upper  ones,  and 
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oontamed  less  carbonate  of  Ume,    About  ft  dozen  maiigimefle  nodulM  lod 
two  sli ark's  teeth  came  up  ill  the  trnwL    Two  nodules  bad  a  nucleai  at 
obsidiau  {?),  outside  this  seveml  agate-Uke  bauda,  and  then  many  layen 
of  the  peroxide  of  manganeso.    Two  other  nodulai,  from  t.h©  glructure 
and  presence  of  lime,  appeared  to  be  formed  on  a  uacleuii  of  btine,    Oae 
of  the  sharkV  teeth  was  deeply  imbedd^,  the  other  was  not. 
Bounding  315.    3rd  NoTeml.)er,  1875.    2270  fathoms.    Lat,  39'  22'  % 
loTiff*  98"  46'  W.    A  dark  chocolate  clay  containing  : — Much  amop- 
phoiii  clayey  matter ;  many  manganese  particles,  small  yellow  cjyii-' 
tals,  red,  white,  and  black  mineral  particles  (quartz  and  partidefi  of 
volcanic  sand  ?).     In  the  upper  layers  there  were  a  good  many 
remains  of  pelagic  Foraniinifera  and  a  tow  Coceolitilis,  but  thess 
weire  almost  wanting  in  the  deeper  layers. 
Sounding  316.     5th  NoTember,  1875,     1500  fathoms.     Lat.  38=  7  S., 
long.  94"^  4'  W*    A  small  quantity  of  bottom  came  up  which  indi- 
cated a  Glohuferimtroom  of  a  brown  colour  containing  :^Maiiy 
pelagic  Foraminifera,  Cj/^ri^^tmi-valves,  and  Echini-spmeB ;   many 
mangauese  particles,  and  a  good  many  rather  coarse  sandy  particles 
of  a  green  colour  (serpentine  ?) ;  a  few  Eatliolaria. 
Mo^t  of  the  finer  portions  of  the  bottom  appeared  to  have  beeji  washed 
out  of  the  tube  on  the  way  up. 

The  tow-nete  at  the  trawl  contained  many  particles  of  a  green  mineral 
anil  (m(t  pebble  of  the  same  nature  (serpentine  ?),  with  a  coating  of  man- 
ganese. 

Sounding  317.    9th  November,  1875.     1825  fathoms.    Lat.  38°  6'  S., 

long.  88°  2'  W.     A  Olohigerina-ooze  of  a  brown  colour  containing : 

— Many  pelagic  Foraminifera,  Coccoliths,  and  Rhabdoliths  ;  a  good 

many  manganese  particles  and  pieces  of  a  red  and  yellow  mineral ; 

one  Eaxliolarian  noticed ;  some  amorphous  clayey  matter. 

In  the  lower  end  of  the  tube  the  bottom  was  of  a  much  darker  colour, 

and  contained  fewer  Foraminifera  and  more  manganese  and  amorphous 

matter. 

In  the  trawl  there  was  gome  mud,  all  of  a  brown  colour,  same  as  in  the 
upper  part  of  the  sounding-tube.  In  the  sifting  were  many  peDets  of 
manganese  and  pieces  of  a  flinty-like  mineral. 

Sounding  318.     11th  November,  1875.    1775  fathoms.    Lat.  ST  29'  8., 
long.  83°  7'  W.     A  Glohigerina-ooze  of  a  brown  colour.     No  bottom 
came  up  in  the  tube. 
I  here  copy  in  extenso  from  my  Journal  notes  so  far  as  they  relate  to 
the  bottom  in  the  trawl : — 

"  The  trawl  came  up  in  the  afternoon  fouled,  but  in  it  were  three  or 
four  quarts  of  manganese  nodules  varying  from  the  size  of  a  hen's  eg^  to 
that  of  a  pea. 
"  The  weights  (300  fathoms  from  the  trawl)  were  all  scored  and  marked 
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with  streaks  of  black,  as  if  they  had  been  dragged  over  lumps  of  manga- 
nese. 

«*  The  tow-net  just  behind  these  weights  had  in  it  very  many  Olohigerinas, 
PulvinuluKB,  and  one  or  two  OrhulirKB  (all  dead),  a  good  many  manganese 
pellets  and  a  very  Kttle  mud. 

"  This  net  would  seem  to  have  caught  the  particles  knocked  up  by  the 
weights  in  front.  One  of  the  tow-nets  at  the  trawl  was  full  to  the  brim 
of  a  yellow  or,  rather,  light-brown-coloured  mud,  in  which  were  many 
manganese  nodules.  Being  so  full  of  mud,  not  much  of  the  finer  portions 
of  the  bottom  could  have  been  washed  away ;  hence  this  tow-net  of  mud 
gives  us  information  from  which  some  idea  may  be  formed  of  the  ratio 
which  the  manganese  nodules  bear  to  the  ooze.  •  In  a  peck  of  the  mud 
there  was  a  little  over  a  quart  of  manganese  nodules.  The  nodules  were 
all  nearly  round.  Some  of  the  smaller  ones  were  composed  of  the  black 
manganese  to  the  centre,  while  some  had  just  a  small  yellow  spot  in  the 
centre.  Some  of  the  larger  ones  had  a  jrellow  or  dark  green  nucleus  of 
about  half  an  inch  in  diameter,  which  was  surrounded  by  concentric  layers 
of  peroxide  of  manganese  of  half  an  inch  in  thickneips.  The  yellow  or 
green  nucleus  was  soft,  and  could  be  cut  with  the  knife  like  new  cheese. 
Under  the  microscope  it  presented  a  mottled  appearance,  with  yellow  and 
light-  and  dark-green  spaces,  many  of  these  being  partially  surrounded 
with  agate  bands. 

*<  Foramimfera  could  also  be  seen  imbedded  in  the  mass ;  but  all  the  car- 
bonate of  lime  had  been  removed,  strong  nitric  add  having  no  effect  on 
any  part  ci  this  nucleus.  Birds'-feet-like  extensions  of  the  black  manga- 
nese ramified  Into  the  yellow  nucleus ;  and  it  seemed  as  if  the  manganese 
was  e3^ending  into  the  nucleus  as  well  as  being  deposited  in  concentric 
layers  around  it,  as  in  those  instances  where  pumice  forms  the  nucleus  of 
a  nodule.  There  were  lumps  of  the  bottom  in  the  tow-net  which  seemed 
to  show  the  beginning  of  this  process  of  nodule-formation.  These  lumps, 
which  were  of  a  redder  colour  than  the  rest  of  the  bottom,  seemed  to  be 
cemented  by  a  red  substance  (?). 

"  Examined  a  portion  of  the  bottom  in  the  same  way  as  usual  with  the 
soundings.  It  contained : — ^many  Globigerinas,  Fulvinulinas  (the  pyra- 
midal variety),  and  a  few  Orbulinas ;  one  or  twoUvigerinas,  and  some  Bilo- 
cnlinas  and  others ;  two  arenaceous  forms  of  Foraminif era,  the  tests  com- 
posed of  particles  of  manganese  and  a  red  mineral ;  many  Coccoliths  and 
lUiabdoliths ;  only  two  portions  of  siliceous  spines  and  three  Eadiolaria 
were  observed. 

"  Bemoving  the  manganese  from  the  washing  there  remained :— A  good 
many  mineral  particles  (these  were  almost  all  of  a  dark  lead-colour  and 
very  areolar  structure,  reminding  one  of  volcanic  ash  and  scoria) ;  one 
small  yellow  crystal,  several  pieces  of  a  red  cherty-like  mineral,  and  one 
quartz-like  particle  were  noticed ;  manganese  grains  were  abundant.** 
Sounding  319.    17th  November,  1876.    2226  fathoms.    Lat.  34°  T  S., 


Digiti 


zed  by  Google 


518  Mr.  J.  Murray  on  Ocemtic  Bep&sit»  examined 

long.  73°  56'  W.     A  blue  mud  mih  a  red  upper  layer  coutaming  t— 

Much  amorpliouB  blue  clftvey  matter  ;  many  yery  fine  mineral  pflrti- 

cles  of  quartz,  mica,  and  a  few  of  the  green  glauconitic  partides ;  a 

good  manj^  Radiolaria  and  Diatoms. 

The  top  layers  contained  no  cftrbonate*of-lime  organiBme*     In  those  ia 

the  lower  part  of  the  tube  there  werp  a  pelagic  Foraminifcr  mid  Coceolitlii* 

The  tow -nets  at  the  trawl  eaeli  contained  a  little  red  mud  without  any 

pelagic  Foramijiif era.    On  the  framework  of  the  trawl  were  aeireral  laige 

patches  of  blue  mud. 

ElIMAJRlB  OK  ITHB  FOBEOOrNO   LiST. 

SeTeral  kinds  of  deposits  have  been  indicated  in  the  foregoing  list*  Far 
the  prestmt  these  may  be  classed  under  the  following  beads  :■ — 

(a)  Blue  and  green  muds, — Met  with  near  tlie  shores  of  most  of  the 

great  continents  and  islande, 
(h)  Grey  muds  and  sands,— Jlet  with  chiefly  near  oceamc  ishuids  of 

volcanic  origin. 
(&)  Hed  mud* — ^Met  with  on  the  eastern  coast  of  South  America. 
(d)  Coral- mud.^ — Met  with  near  coral  reefs, 

2.  Qlohigtrina-mzt. — An  abundant  oeeainc  depoeit  cot  met  with  south 

of  latitude  50°  S. 

3.  Madiolarian  ooze, — An  oceanic  deposit  met  with  only  in  the  We^em 

and  Middle  Pacific. 

4.  Diatomaceous  ooze, — ^An  oceanic  deposit  met  with  only  south  of  50^  S. 

latitude. 
6.  Bed  and  Orey  Clays, — The  most  abundant  oceanic  deposit. 

The  above  names  have  been  selected  as  indicating  those  elements  which 
give  the  predominating  character  of  the  deposit.  As  a  rule,  when  the 
debris  of  continents  or  islands,  the  dead  shells  of  Foraminifera,  the  em- 
via3  of  Eadiolarians  &c.,  the  frustules  of  Diatoms,  or  red  or  grey  clayey 
matter — when  any  of  these  have  appeared  to  make  up  considerably  more 
than  one  half  of  the  specimen  under  examination,  it  has  been  called  a 
shore-deposit,  a  Glohigerina^  Eadiolarian,  or  Diatom  ooze,  or  red  or  grej 
clay. 

Sometimes  it  has  been  doubtful  whether  a  specimen  should  be  placed 
under  one  of  the  above  heads  or  another,  on  account  of  the  nearly  equal 
ratio  of  constituents,  or  where  one  deposit  overlies  another  of  a  different 
kind.  In  these  cases  the  specimen  has  been  placed  under  that  head 
with  which,  on  a  general  view,  it  has  seemed  to  have  most  in  common, 
or  to  which  the  surface-layer  belonged,  and  a  detailed  description  has 
been  added  in  the  list.  A  sixth  kind  of  deposit  or  formation  might  have 
been  added,  to  embrace  those  bottoms  in  which  a  great  quantity  of  the 
peroxide  of  manganese  occurs.  This  substance,  in  the  form  of  nodules 
or  concretions,  of  incrustations  or  in  grains,  has  been  foiind  in  nearijall 
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sea-deposits  and  at  all  depths  in  more  or  less  abundance.  However,  for 
the  present,  it  has  been  considered  best  to  treat  of  it4i  occurrence  sepa- 
rately, at  the  some  time  pointing  out  those  regions  where  we  have  found 
it  in  greatest  abundance. 

A  few  remarks  may  now  be  made  upon  each  of  the  kinds  of  deposits 
indicated. 

1.  Shore-deposits. — It  has  been  found  that  the  deposits  taking  place 
near  continents  and  islands  have  received  their  chief  characteristic  from 
the  presence  of  the  debris  of  adjacent  lands.  In  some  cases  these  depo- 
sits extend  to  a  distance  of  over  150  miles  from  the  coast.  Several 
varieties  can  be  recognized  amongst  these  shore-deposits. 

(a)  Bltte  and  Oreen  Muds. — In  the  great  majority  of  cases  the  deposits 
near  continents  and  large  islands,  containing  the  older  and  crystalline 
rocks,  have  been  of  a  blue  or  green  colour ;  the  only  exception  appears 
to  be  the  east  coast  of  South  America,  where  we  have  a  red  mud,  to  be 
presently  referred  to. 

In  from  100  to  700  fathoms  these  deposits  are  often  of  a  green  colour, 
due  to  the  presence  of  green  amorphous  clayey  matter,  and  dark  and  pale 
green  glauconite  particles. 

Beyond  700  fathoms  they  are  usually  of  a  blue  or  dark  slate-colour, 
having  a  thin  upper  layer  of  a  red  or  brown.  This  red  layer  is  a  soft 
ooze,  whilst  the  blue  mud  or  clay  beneath  is  very  compact  and  tenacious. 

Much  amorphous  clayey  matter  and  fine  particles  of  mica,  quartz,  and 
other  minerals  are  found  in  all  these  deposits,  the  mineral  particles  in- 
creasing in  size  as  we  approach  the  land. 

Down  to  1500  fathoms,  we  have  generally  found  that  Pteropod,  larval 
Oasteropod,  and  Lamellibranch  sheUs  were  tolerably  abundant,  aud  that 
there  were  many  of  the  shore  forms  of  Foraminifera,  as  Textularias,  Eo- 
tularias,  Nodosarias,  Uvigerinas,  Lagenas,  &c.  Pelagic  Foraminifera  occur 
throughout  the  deposit,  but  not  in  such  abandance  as  in  a  true  ocean- 
deposit.  The  frustules  of  Diatoms  and  their  broken  parts  are  numerous. 
Manganese  grains  are  found  in  many  of  the  bottoms,  usually  in  the 
deeper  soundings.  We  have  also  found  imbedded  in  these  muds  pieces 
of  wood,  fruits,  portions  of  fruits,  and  leaves  of  trees.  Large  pieces  of 
rock,  as  pumice  and  granite,  and  rounded  pebbles  also  occur.  Our  sound- 
ings near  the  southern  ice-barrier  were  muds  of  a  blue  colour,  containing 
many  granitic  and  other  pebbles  and  blocks,  mostly  rounded,  and  many 
Diatoms,  and  resembled  in  most  respects  the  deposits  we  found  off  the 
east  coast  of  North  America,  Halifax  to  New  Tork. 

Beyond  1500  or  1700  fathoms,  Pteropod  and  Heteropod  shells  are 
usually  not  found,  and  in  3000  fathoms  hardly  a  Foraminiferous  or  other 
carbonate-of-lime  organism  remains. 

Siliceous  organisms  occur  at  all  depths,  but  at  times  their  remains 
would  seem  to  be  completely  removed. 

These  green  and  blue  muds  have  been  found  to  prevail  in  all  the  en- 
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closed  seas  we  Lave  visitod,  as  Arafiira,  Bandftj  Oelebea,  and  Chim  SeaSi 
Inland  Sea  of  Japan  ^  and  in  all  these  the  carbonate-of-linie  orgaoMms 
wonld  appear  to  be  removed  from  tho  bottoma  in  depthB  less  by  some 
400  or  500  fat  home  than  on  open  coasts. 

In  the  green  mnds  from  50  to  700  fathoms  we  have  foimd  those  hestu- 
tiful  casts  of  Fomminifem^Pteropods,  ^7*i/i^spine&,  and  other  carbonate- 
of-ltme  organisme  frequently  in  great  numbers*  These  are  of  a  daHc 
green,  pale  green,  and  dirty  white  colour*  In  all  cases  where  the^se  green 
internal  casts  occur  we  have  many  glaueonite  grains  in  the  bottom* 
Beyond  700  fathom  a  these  casts  seldom  occur»  and  ia  hen  thej  do  thej 
are  very  sparingly  distributed  5  and  the  same  may  be  said  of  tlie  gkuco- 
nite  grains  which  accompany  them,  Eiver-muds,  in  which  Pteropods, 
Badiolaria,  and  pc^kgic  Foraminifera  are  usually  wanting,  are  included  in 
these  deposits. 

The  following  are  the  localities  in  wMch  we  have  found  the  blue  muds 
(an  »  before  the  loeality  iiidicateB  that  the  glaueonite  casts  and  grains 
have  been  found  there) : — 

*  Off  eoa.^t  of  Portugal* 

„  Virgin  Islands  ('?). 

*  ,,  Coast  of  North  America,  Hali^  t^  Now  York. 
„  Guinea,  coast  of  Africa* 

*  ,,  Cape  of  Good  Hope. 
„  Antarctic  ice-barrier. 

*  „  Australia. 

*  „  New  Zealand. 

*  „  New  Guinea  and  Philippines,  and  throughout  the  seas  of 

the  East-Indian  archipelago. 

*  „  Japan. 

„   East  coast  of  South  America. 

The  following  are  the  depths  of  the  soundings  which  have  been  placed 
under  this  head : — 


Blue  Muds, 

fms. 

fms. 

fms. 

finfu 

fms. 

1125 

1700 

1675 

32 

375 

1290 

1240 

1800 

1100 

2225 

1475 

1350 

1300 

700 

2050 

1380 

1340 

2200 

2800 

2000 

1800 

1250 

400 

1425 

1075 

1000 

2020 

150 

2550 

2250 

625 

1750 

140 

2100 

20 

900 

2500 

75 

700 

2675 

600 

2325 

39 

90 

1875 

:\S7ry 

1250 

40 

150 

2225 

2425 
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Qreen  Muds. 

fins. 

fms. 

fmB. 

fms. 

fms. 

470 

2200 

400 

129 

37 

560 

290 

10 

255 

152 

80 

120 

70 

100 

245 

75 

650 

800 

705 

565 

100 

950 

580 

185 

775 

150 

1200 

(h)  Orey  Muds  and  Sands. — ^Near  volcanic  islands  we  have  found  that 
the  deposits  have  a  distinctive  character,  from  the  presence  of  the  debris 
of  volcanic  rocks.  The  presence  of  pieces  of  pumice,  scoria,  Ac.  prevents 
this  deposit  having  that  clayey  character  so  characteristic  of  the  blue 
mud.  The  colour  is  generally  grey,  but  occasionally  is  a  black  sand  or 
a  more  or  less  slate-coloured  mud.  In  some  places  the  shells  of  oceanic 
organisms  make  up  a  large  part  of  these  muds. 

Down  to  about  1500  fathoms  we  have  Pteropod,  Heteropod,  and  sur- 
face G^asteropod  shells,  and  the  shore  forms  of  Foraminifera  are  common. 
Deeper  than  1500  fathoms,  Pteropod  shells  are  rare  or  entirely  removed. 
Pelagic  Foraminifera  are  found  at  all  depths ;  but  occasionally  they  and 
the  siliceous  organisms  are  quite  absent  at  a  depth  of  little  over  2000 
fathoms,  and  then  we  have  a  day  or  mud  with  many  small  particles  of 
pumice,  scoria,  <&c.  Manganese  appears  to  be  intimately  associated  with 
some  of  these  bottoms,  especially  where  the  debris  of  augitic  lavas  are 
present,  as  at  Sandwich  Islands,  Canaries,  and  elsewhere.  OfE  the 
Desertas,  in  670  fathoms,  all  the  dead  shells,  pieces  of  Polyzoa,  &c.  had 
a  slight  coating  of  this  substance,  and  we  have  had  indications  of  the 
same  thing  in  even  less  depths.  In  1100  fathoms  off  the  Canaries  some 
pieces  of  shell  had  rather  a  thick  coating ;  and  in  1575  fathoms,  not  far 
from  this  place,  the  dredge  brought  up  a  great  quantity  of  a  Gorgonoid 
axis  deeply  imbedded  in  or  coated  with  this  black  oxide  of  manganese. 

In  some  localities  this  deposit  extends  to  a  great  distance  from  the 
islands,  as  at  Hawaii,  200  miles  or  more. 

The  following  are  the  depths  of  the  soundings  which  we  have  classed  as 

Orey  Mud. 


fms. 

fms. 

fms. 

fms. 

fms. 

670 

1750 

1675  (?) 

20  to  100 

500 

1150 

620 

465 

75 

2050 

930 

1890 

675 

520 

2875 

1500 

1525 

260 

630 

2650 

278 

450 

860 

600 

1525 

630 

1000 

1100 

1200 

420 

560 

1125 

50 

2150 

590 

7 

1070 

150 

2600 

620 

640 

1000 

600 

1050 

680 

Occasionally  a  few  casts  of  the  Foraminifera  have  been  observed  of  a 
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red  colour^  These  were  usually  very  rougb,  and.  liad  not  the  deiieftto 
hues  of  the  green  glauconite  casts.  One  very  remarkable  eiceptioa 
oecuM  : — oS  the  CroKets  there  were  (in  000  fathoms)  many  beautiful 
casta  of  the  carboimte-of-lime  organisms  of  a  pale  straw-colour,  ^''one  of 
the  glauconite  grains  were  noticed  in  the  same  sounding  or  locality. 

(e)  Med  Mud. — It  has  already  beeu  stated  that  the  deposit  along  the 
east  coast  of  South  America,  from  Cape  San  Eoque  to  Eahia,  diffipRMl 
from  the  deposits  fouud  along  the  eh  ores  of  other  continents  and  large 
islands  m  being  of  a  red  colour.  There  can  be  little  doubt  but  that  this 
led  colour  is  due  to  the  presence  of  the  ochreous  matter  carried  into  the 
Atlantic  by  the  South- American  riYers,  There  are  reasons  for  thinking 
that  the  red  colour  of  some  of  the  deep-sea  clays  in  this  region  of  the 
Atlantic  may  have  a  like  origin. 

The  soundings  neiir  the  shore  and  in  shallow  water  have  a  deeper 
red  colour  and  contain  larger  mineral  particles  and  fewer  organic  re- 
mains than  those  further  from  land  and  in  deeper  "water-  The  nunera! 
particles  are  chiefly  quartz  and  mica. 

In  all  these  soundings  there  are  many  pelagic  and  other  Fomminifera, 
Hoteropod,  Pteropod,  Jan^al  Gasteropod,  and  Lnmellibranch  shells,  Coc- 
eoliths,  and  Rbabdoliths,  Siliceous  organic  remains,  as  of  XHatoms  aud 
Badiolana,  are  almost  quite  absent  in  these  bottoms.  In  some  of  the 
tballower  depths  a  few  red-coloured  casts  of  Foraminifera  were  observed ; 
but  these  were  rare,  rough,  and  more  or  less  imperfect. 

The  following  are  the  depths  of  the  soundings  along  this  coast : — 


fms. 

fms. 

fms. 

1375 

120 

1200 

600 

32 

1700 

2050 

400 

1015 

1650 

1715 

1275 

675 

1600 

2150 

(d)  Coral-Mud, — This  is  a  deposit  found  in  the  neighbourhood  of 
coral  reefs.  It  is  characterized  by  a  large  quantity  of  amorphous  calca- 
reous matter,  by  the  debris  of  coral  reefs,  by  many  large  calcareous  forms 
of  Foraminifera,  and  by  broken  pieces  of  Polyzoa,  &c.  All  the  deposits 
about  Bermuda  are  of  this  nature,  extending  from  the  edge  of  the  reef 
down  to  a  depth  of  2500  fathoms.  At  1000  fathoms  the  mud  assumes  a 
rose  tinge ;  this  deepens  into  a  red  colour  with  greater  depth  and  the 
accompanying  decrease  of  carbonate  of  lime  and  increase  of  clayey  matter, 
until  the  coral-mud  merges  into  the  red  and  grey  clays  of  the  surrounding 
ocean.  About  Bermuda  very  few  mineral  particles  were  found.  In  some 
of  the  soundings  to  the  S.W.  of  the  island  there  were  some  small  pieces 
of  a  green  rock  like  those  at  St.  Paul's  Rocks,  and  probably  serpentine. 
One  or  two  pieces  of  quartz,  or  sanidin,  a  piece  of  mica,  and  a  small  piece 
of  pumice  (?)  were  also  noticed.     Dissolving  away  carbonate  of  lime  in 
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some  of  the  shallower  soundings  onlj  a  trace  of  clayey  matter  remained 
with  a  perceptible  rose  tinge.  No  casts  of  the  Foraminifera  were  noticed 
about  Bermuda. 

At  the  Virgin  Islands,  at  Tongatabu,  at  Fiji  Islands,  at  Cape  York, 
Admiralty  Islands,  Honolulu,  and  Tahiti  we  also  met  with  coral-muds. 
Except  at  Gape  York,  these  muds  appeared  to  exist  as  a  narrow  band 
around  the  land,  and  had  usually  a  considerable  admixture  of  clayey 
matter  and  mineral  particles. 

Where  there  was  much  clayey  matter  we  found  usually  a  few  rough 
red  casts  of  the  Foraminifera. 

The  following  is  a  list  of  the  depths  of  the  soundings  included  under 
coral-muds :— 


At  Bennuda. 

At  other  ] 

places. 

fmi. 

fms. 

fms. 

fms. 

fms.     fms. 

2250 

2100 

1250 

4601 

1401 

25 

1820 

1950 

1575 

390 

210 

100 

050 

2650 

1500 

625 

610' 

40 

430 

1325 

200 

18 

70 

90 

1375 

1076 

37 

240 

25 

100 

2450 

315 

16 

255 

2.  Olohigerina-oou. — ^After  the  deep-sea  clays,  this  is  the  most  abun- 
dant deep-sea  deposit.  It  has  occurred  at  all  depths  from  250  fathoms 
to  2900  fathoms.  The  Qlohigerinof,  which  give  at  once  the  name  and 
the  chief  characteristic  to  this  deposit,  are  really  found  all  over  the  bot- 
tom of  the  ocean.  Even  in  our  deepest  clays,  if  the  surface-layers  be 
selected  and  all  the  amorphous  matter  be  washed  away,  one  or  two  shells 
of  some  variety  of  pelagic  Foraminifera  can  usually  be  detected.  By 
pursuing  this  method  I  have  only  failed  on  one  or  two  occasions.  They 
appear  to  be  quite  absent  in  the  Araf ura  Sea.  It  is,  however,  when  they 
occur  in  vast  numbers  that  they  form  the  deposit  kno\i'n  by  this  name ; 
at  least  such  is  the  sense  in  which  it  is  here  used. 

We  did  not  find  a  Ghhigerina-ooie  in  any  of  the  enclosed  seas,  in  the 
Southern  Ocean  south  of  lat.  60^  S.,  nor  in  the  North  Pacific  north  of 
lat.  10^  N. 

In  the  Southern  Ocean  only  one  small  species  of  Ohhigerina  was  found 
in  the  surface-waters ;  but  in  the  North  Pacific  many  varieties  of  pelagic 
Foraminifera  abound  near  the  surface  of  the  ocean. 

In  other  parts  of  the  preceding  oceans,  and  in  the  other  oceans  we 
have  visited,  it  occurs  in  irregular  patches,  being  always  present  in  the 
open  ocean  when  we  have  depths  of  less  than  1800  fathoms.  Its  pre- 
sence or  absence  at  depths  beyond  1800  fathoms  is,  however,  determined 
by  conditions  at  present  unknown.  A  number  of  varieties  occur  both  as 
to  colour  and  composition.  Some  specimens  are  nearly  pure  white, 
others  have  a  rose-colour,  and  others  are  red  or  dark  brown.  The  red 
and  brown  colour  arises  from  the  presence  of  the  oxides  of  iron  and 
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in&Dgtmese>  In  the  wHite  yarietiea  tho  segment ,  aftt^r  dissolTuig  ftwa? 
the  carbonate  of  Ume,  is  in  Bome  epedmi.iiis  abtiiidant^  Id  others  not 
abuudimtj  and  k  either  of  a  red  or  slate-blue  colour.  We  find  ibe 
former  colour  to  prerail  in  those  aoimdiugs  £ar  from  contmentft  and  large 
ihkods,  and  the  sediment  is  not  abundant  eicept  where  pumice  or  seorm 
b  prt*aeut.  The  latter,  or  shtte-blne  colour,  is  foimd  in  those  soundrngs 
more  or  less  near  continents  and  large  iBbude;  and  it  is  suspected  that 
this  sediment  has  its  source  chiefly  from  the  disintegration  of  tbe»e 
adjacent  lands, 

Mi^v.,  quarts,  pumi^,  scoria,  and  other  mineral  particles  are  met  wiA ; 
but  in  those  soundings  furthest  from  land  a  littJ©  piece  of  pnmiee  or 
scoria  may  be  the  only  trace  of  mineral  particles. 

In  some  specimens  there  are  rery  many  remain©  of  organisms  trith 
sihceous  sbelis,  as  Eadiolaria,  Diatoms,  and  Challengeriaa  ;  but  in  otLera 
theae  remains  are  ahnost  entirely  ^vanting.  In  three  soundings  in  mid- 
Atlantic  between  the  Canary  and  Virgin  Islands,  and  in  several  eoundmgs 
in  the  South  Pacific,  manganese  in  the  forms  of  grains  and  nodular  con- 
cretions is  very  abundant.  As  a  rule,  however,  this  subetanc©  occurs 
rather  sparingly  in  Qlobit^erinorooie^  In  some  intitances  we  get  HttJe 
nodules  of  these  bottoms,  the  shells  as  it  were  being  run  together  by  a 
iiliceous  cement*  Many  small  pieces  of  cherty-like  mineral  also  occur, 
which  are  angular  and  soft,  and  do  not  look  as  if  they  had  been  trani^ 
ported.  Marif^iitese  nodules  occurring  in  the  Glohvfc*^tna*Q(MiO  huMi 
often  a  nucleus  of  a  yellow  and  green  colour,  in  which  GlohigerinasheHs 
can  be  seen ;  but  their  carbonate  of  lime  has  been  entirely  removed,  and 
replaced  by  a  silicate.  There  are  reasons  for  thinking  that  these  indica- 
tions of  flint  (?)  occur  only  in  those  samples  where  the  siliceous  shells  of 
Eadiolaria,  Diatoms,  &c.  are  wanting,  and  do  not  occur  where  these 
organisms  are  present.  A  reexamination  of  all  the  bottoms  must  be 
made  before  this  statement  can  be  definitely  affirmed.  Casts  of 
Foraminifera  occur  very  sparingly  in  Glohtgerina-ooze ;  in  the  purest 
samples  not  at  all.  In  those  with  an  admixture  of  clayey  matter  we 
have  frequently  one  or  two  partial  casts  of  a  very  rough  character.  In 
two  soundings,  Xos.  211  and  301,  in  the  Pacific,  we  found  the  Fora- 
minifera  not  only  filled,  but  also  coated  with  a  red  substance,  so  that  we 
had  both  an  internal  and  an  external  cast,  the  two  being  connected  by 
little  rods  representing  the  foramina  of  the  shell.  In  these  soundings 
there  was  much  clayey  matter  and  disintegrating  pumice  and  scoria. 

In  a  few  soundings  in  the  Pacific,  as  No.  304,  we  have  had  a 
Glohu/erma-ooze  on  the  surface  of  the  bottom,  and  a  foot  beneath  a 
nearly  pure  red  or  bro\\Ti  clay.  Again,  as  in  Nos.  268  and  307,  we  have 
the  reverse  arrangement,  a  clay  occupying  the  surface,  and  the  deeper 
layers  having  many  Glohif/erince,  In  all  these  cases  the  surface-layer  has 
been  normal  with  the  other  soundings  in  the  same  region  as  to  depth. 
In  the  first  case  we  might  bring  in  elevation  to  account  for  the 
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Olohigerinorooie  oyerlying  tiie  red  clay,  or  we  might  suppose  that 
chemical  changes  are  going  on  in  the  deeper  layers  which  remove  the 
carbonate  of  lime.  In  the  second  case  we  may  account  for  a  red  clay 
overlying  a  deposit  with  many  Glohigerince  in  it  by  supposing  a  depression 
of  the  bottom  after  the  latter  had  been  laid  down ;  or  we  may  believe 
that  agencies  are  now  removing  carbonate  of  lime  from  the  surface-layer, 
and  that  these  were  not  active  in  some  past  time. 

This  deposit  occurs,  in  one  sounding,  in  the  Pacific  at  a  depth  of  2925 
fathoms  in  mid-ocean.  In  the  eastern  part  of  the  Atlantic  it  occurs 
also  at  great  depths. 

The  following  is  a  list  of  the  depths  at  which  we  have  found  a 
GloUgerinorOOiA : — 


Atlantic  Ocean. 

fms. 

fms. 

fms. 

fms. 

fms. 

fms. 

1090 

1900 

2200 

1350 

1425 

2275 

1525 

1950 

1675 

900 

1650 

2475 

2250 

2."^ 

1675 

2025 

2300 

2200 

2225  , 

1420 

1240 

2660 

2300 

2150 

1945 

2575 

1000 

2675 

2400 

2275 

1975 

2450 

2500 

2400 

2400 

2050 

1150 

2476 

2275 

1500 

2075 

l^KX) 

2300 

2175 

1850 

1900 

780 

2025 

2026 

Southern  Ocean, 

fmB. 

fmB. 

fms. 

fms. 

fms. 

fms. 

1900 

1570 

1375 
PaciJU 

1600 
Ocean. 

1800 

2150 

fins. 

fois. 

fins. 

fms. 

fms. 

fins. 

1974 

1350 

1675 

2925 

1915 

1500 

1100 

1450 

2000 

2426 

1600 

1825 

276 

1700 

1100 

1940 

2026 

1776 

400 

1400 

1850 

2075 

3.  Badiolarian  Ooze. — Organisms  with  the  siliceous  skeletons  abound 
in  the  surface-waters,  and  apparently  also  in  the  deepest  waters,  of  all 
the  oceans  and  seas  we  have  visited  *.  The  skeletons  of  these  organisms 
are  found  in  all,  or  almost  aU,  the  sea-bottoms.  Even  in  those  cases 
where  at  first  sight  they  would  seem  to  be  quite  absent,  a  more  careful 
examination  (by  dissolving  away  a  large  quantity  of  carbonate  of  lime 
where  this  exists,  and  examining  the  sediment  by  careful  washing  in  the 
case  of  days,  Ac.)  will  usually  reveal  a  Badiolarian  skeleton,  a  Diatom 
frustule,  or  broken  portions  of  these. 

It  is,  however,  only  in  some  limited  areas  that  these  exuviae  rise  into 
such  prominence  as  to  be  characteristic  of  the  deposit  taking  place. 
Such  is  the  case  in  the  Antarctic,  where  we  have  a  Diatom-ooze,  and  in 
the  Western  and  Middle  Pacific,  where  we  have  the  above  deposit. 

*  They  ue,  however,  muoh  more  numerous  in  the  Fadfio  than  ui^tb&  ik^}^&s^v^^ 
espedallj  in  the  equatorial  waters.  igitized  by  CjOOg .  > 
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Oar  deepest  soundiug  (4475  fathoms  or  4575 j  see  p,  504)  waa  a  Badio- 
krian  ooze;  with  the  excL>ptioQ  of  a  littlo  amorphous  matter,  nmtigiLaese 
particles,  a  few  yellow  cherty-like  particles,  and  some  pumice  pieces,  this 
bottom  waa  entirely  composed  of  the  exuvise  o[  organisms  with  silioeoTM 
ilceletons — as  Badiolam,  one  or  two  Dmtoms,  and  some  organisms  whit-h 
seem  to  be  undescribed  (Challengerias),  but  which  are  namerau^  in  the 
deeper  i^aters  of  the  Pacific  (see  not^cs  on  surface  animals,  p.  536)* 

A  section  of  about  3  inches  came  up.  The  upper  two  were  of  a  nd 
colour,  due  to  the  presence  of  much  manganese  ;  the  lower  one  ^-as  i 
pale  straw-colour,  and  contained  relatively  few  manganese  grains* 

In  our  trip  from  the  Sandwich  Lslands  to  the  Society  Inlands  we  again 
met  with  Hadiolariau  ooie.  Between  7^  and  12^  north  of  the  equator  we 
came  on  a  pat4.^h  represented  by  four  soundings,  some  of  these  eontainicg 
not  a  single  Olohitjerina  ;  then  ju8ti>n  the  equator,  in  two  soundings,  one 
at  a  depth  of  2925  fathoms,  we  got  a  Qhbigeruui-Qom  contaiDing  a  good 
many  liadiolaria*  Between  2"  and  10''  south  we  a^ln  bad  a  patch  of 
Hadiolaiiao  007^  represented  by  three  soundings,  and  containing  only  a 
few  pelagic  ForamLuifera  or  tbetr  broken  parts.  The  occurrence  of  thin 
patch  of  GhhUjmna^oYM  m  the  position  indicafced  (see  map,  Plate  2tJ), 
and  the  comparative  or  total  absence  of  the  Glohifjirina-^\iit\\^  m  tW 
deposits  a  little  to  the  north  and  south  of  it,  ta  sufficiently  curious  aud 
Bignifieaot*  It  will  be  well  to  note  that,  in  the  0^&(V^«rina*patch,  man- 
ganese and  other  mineral  particles  are  much  les3  abundant  than  in  the 
adjacent  Eadiolarian.  Note  also  the  presence  of  the  south  equatorial 
current  and  the  dip  of  some  isotherms  over  the  6?Zo6^frt/ia-patch.  One 
or  two  soundings  to  the  east  of  Japan  might  have  been  classed  under 
this  head  ;  but  in  them  the  siliceous  remains  do  not  make  up  over  one 
third  of  the  sample  in  bulk.  Generally  it  may  be  said  that  in  the 
Western  and  Middle  Pacific  the  siliceous  remains  of  Badiolaria  and  Dia- 
toms are  abundant  in  the  deposits,  whereas  in  the  South  Pacific  and 
Atlantic  they  are  much  less  so,  or  absent  in  the  bottoms. 

The  following  are  the  depths  of  the  soundings  placed  under  the  head 
of  Eadiolarian  ooze : — 

fms.  fms.  fmB. 

r  4575  2700  2600 

14475  2900  2350 

2750  2250  2750 

4.  Diatomaceous  Ooze. — South  of  the  latitude  of  the  Crozets,  on  our 
southern  trip,  we  found  Diatoms  abundant,  both  in  the  surface-waters 
and  in  the  bottom. 

About  the  Crozets,  Kerguelen,  McDonald's  Islands,  and  close  to  the 
ice-barrier,  the  frustules  of  these  organisms  were  very  abundant  in  the 
soundings,  but  were  masked  by  much  land-debris.  Between  the  parallels 
of  53°  and  63^  S.,  i.  e,  between  the  north  edge  of  the  ice  and  the  latitude 
of  McDonald's  Islands,  we  got  in  three  soundings  a  pale  straw-coloured 
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deposit,  composed  principally  of  the  frustules  of  Diatoms  and  their 
broken-down  parts.  In  addition,  they  contained  a  good  many  Eadiolarian 
remains,  a  few  specimens  of  one  small  species  of  Olobigerina,  a  few  par- 
ticles of  mica,  quartan,  and  granitic  pebbles,  also  a  little  amorphous  blue 
clayey  matter.  No  manganese  particles  were  noticed.  The  one  of  these 
soundings  which  is  nearest  to  the  ice  contains  much  amorphous  clayey 
matter  and  larger  mineral  particles  than  the  other  two.  When  dried 
this  deposit  is  of  a  white  colour,  and  is  very  light. 

The  following  are  the  depths  of  the  soundings  referred  to  above  : — 

fms.  fniB.  fills. 

1260  1975  1950 

5.  Bed  and  Orey  Clays. — By  far  the  most  abundant  oceanic  deposits 
are  the  deep-sea  clays.  These  are  of  a  grey,  red,  or  dark  chocolate-colour, 
and  are  found  at  depths  greater  than  2000  fathoms.  The  red  and  choco- 
late-colours of  many  of  these  clays  is  due  to  the  presence  of  the  oxide  of 
iron  in  the  first  and  of  oxide  of  manganese  in  the  latter  instance.  Most 
of  them  contain  some  carbonate  of  lime  in  the  form  of  Globigerina-aheWs  ; 
in  one  or  two  instances,  however,  I  have  not  been  able  to  find  a  single 
shell,  nor  has  acid  caused  the  least  bubble  of  effervescence.  The  remains 
of  siliceous  organisms  occur  also  in  great  numbers  in  the  clays  of  some 
regions — so  much  so  that,  as  I  have  stated,  some  of  those  soundings  in 
the  North-west  Pacific  which  have  been  classed  as  clays  might  have  been 
called  Badiolarian  ooze.  In  most  places,  however,  they  are  nearly  or 
quite  absent.  These  clays  are  not  amorphous  in  the  true  sense  of  the 
word — ^not  amorphous  in  the  sense  in  which  a  chemical  precipitate  is 
amorphous.  They  all  contain  small  white  and  other  coloured  mineral 
particles  in  great  abundance — exceedingly  small  particles,  so  as  to  be 
recognized  only  under  the  high  powers  of  the  microscope.  They  contain 
amorphous  matter,  it  is  true ;  but  it  is  doubtful  if  this  ever  makes  up  so 
much  as  a  half  of  any  sample  in  bulk.  They  also  contain  larger  mineral 
particles,  as  quartz,  mica,  pumice,  scqria,  peroxide  of  manganese,  and 
other  mineral  particles.  Quartz  and  mica  particles  appear  to  be  present 
only  in  some  localities,  as  the  North  Atlantic  and  elsewhere.  Peroxide  of 
manganese  is  perhaps  always  present  in  the  form  of  grains  or  nodules, 
sparingly  distributed  in  some  regions,  in  others  making  up  nearly  a  half 
of  the  deposit  or  formation. 

Pumice  (the  common  felspathic  or  the  highly  vesicular  augitic  variety)  and 
scoria  appear  to  be  universally  distributed  over  the  bottom  of  the  ocean, 
and  to  be  abundant  in  most  of  the  deep-sea  clays  and  present  in  them  all. 
In  those  clays  furthest  from  continents  and  islands  sharks^  teeth,  ear-bones 
of  whales,  other  bones  of  whales,  and  bones  of  turtles  (?)  are  very  fre- 
quently found,  all  these  having  usually  a  more  or  less  thick  coating  of 
peroxide  of  manganese.  The  following  are  the  depths  at  which  we 
iiave  found  these  red  and  grey  days ; — 
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The  peroxide,  of  manganese,  in  the  form  of  minute  grains,  concretionB, 
nodules,  aggregations,  or  incrustations,  occurs  widely  distributed  in 
ocean-deposits.  It  has  been  met  with  most  frequently  in  the  deep-eea 
clays ;  indeed  it  seems  to  be  present  in  all  of  them,  sparingly  in  some 
localities,  abundantly  in  others. 

It  is,  however,  not  confined  to  these  clays ;  it  has  been  found  in  most 
of  the  other  deposits  and  at  all  depths  greater  than  600  fathoms.  In 
the  Olohigerina-  and  Eadiolarian  ooze  and  in  the  clays  it  usually 
assumes  the  forms  of  minute  grains,  pellets,  and  nodules.  In  those 
bottoms  to  which  it  gives  a  chocolate-colour,  the  higher  powers  of 
the  microscope  show  small,  round,  red-brown  grains  of  manganese,  often 
with  a  dark  spot  in  the  centre. 

The  nodules  vary  from  little  pellets  to  masses  of  a  large  size  and  of 
several  pounds  in  weight.  In  some  regions  every  thing  at  the  bottom, 
even  the  bottom  itself,  would  appear  to  be  overlaid  by  and  impregnated 
with  this  substance.  In  the  foregoing  list,  as  at  No.  318  and  elsewhere, 
some  of  the  nodules  have  been  described  with  a  little  detail.  The  varie- 
ties which  are  most  commonly  procured  may  be  here  mentioned  : — 

Nodules  of  a  black-brown  colour  throughout,  the  manganese  being 
laid  down  in  concentric  layers,  which  are  evident  from  their 
enclosing  lines  of  red  clay. 
Nodules  having  a  nucleus  of  pumice  which  is  surrounded  by  concen- 
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trie  layers,  the  original  nucleus  being  often  very  deeply  impreg- 
nated by  spider-like  ramifications  of  the  manganese,  or  nearly  the 
whole  pumice  may  be  replaced  by  manganese.  When  pieces  of 
bone  have  formed  the  nucleus  we  have  much  the  same  state  of 
things.  The  compact  bone  of  the  tympanies  of  cetaceans  does 
not,  however,  appear  to  alter  so  rapidly  as  other  bone ;  and  hence 
it  may  be  that  we  get  ear-bones  in  such  great  numbers. 

Sharks'  teeth  of  all  sizes  (one  was  4  inches  across  the  base)  are  fre- 
quent, and  are  sometimes  surrounded  by  concentric  layers  of  nearly  an 
inch  in  thickness.  A  siliceous  sponge  (Farrea)  was  found  imbedded  in 
two  inches. 

A  mass  of  red  clay  may  occupy  the  centre  of  the  nodule.  The  nucleus 
is  occasionally  a  mottled  yellow-and-green  substance,  with  agate  bands 
in  some  parts,  and  Olohigerina,  the  carbonate  of  lime  being  replaced  by 
silicate  in  these  last.  This  nucleus  can  be  cut  with  a  knife,  like  new 
cheese,  or  it  is  hard  and  brittle,  breaking  with  a  conchoidal  fracture. 

Large  fiat  aggregations  occur  which  seem  to  have  been  formed  on 
hardened  fiat  portions  of  the  bottom. 

The  Olohigerina^heUB  and  Eadiolaria  are  at  times  covered  by  small 
specks  of  the  manganese ;  and  in  the  former  these  are  deposited  in  the 
substance  of  the  shell. 

In  several  soundings  and  dredgings  to  the  south-west  of  the  Canaries 
we  got  very  many  large  pieces  of  a  branching  Gk)rgonoid  which  were 
deeply  coated  and  impregnated  with  manganese.  This  was  in  a  depth  of 
from  1100  to  1676  fathoms. 

In  670  fathoms,  ofE  the  Desertas,  the  dead  shells,  pieces  of  coral, 
Polyzoa,  Ac.  were  all  coated  with  a  thin  film  of  the  peroxide  of  manganese ; 
and  we  have  had  indications  of  the  same  thing  in  still  shallower  water. 

In  some  of  the  Badiolarian  oozes,  and  in  other  deposits,  we  have  found 
the  manganese  more  abundant  in  the  upper  layers  than  in  the  lower,  and 
vice  vend. 

The  following  are  the  localities  where  we  have  met  the  manganese  in 
greatest  quantities : — 

OfE  the  Canary  Islands. 

Mid-Atlantic,  between  Canary  and  Vi;*gin  Islands. 

South-west  of  Australia. 

North  and  south  of  the  Sandwich  Islands. 

North  of  Tahiti. 

Generally  in  the  South  Pacific  in  our  course  between  Tahiti  and  Val- 
paraiso (see  Map,  Plate  20). 

Further  observations  may  show  that  manganese  abounds  in  those 
places  where  we  have  much  of  the  debris  of  augitic  lavas. 

Abyssal  Mhizopods  (Bathybius). 

The  manganese  nodules,  sharks'  teeth,  &c.  which  \^e  got  in  our 
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dee]iest  trawlings  have  very  frequeutlj  small  bninckmg  tubes,  compoied 
of  clay  aad  saacly  particles,  ruiinmg  over  their  surfaces-  Tbese  belong 
to  a  Bliiscopodal  orgaaiam*  The  Barcode  which  fills  these  tubas  ooatains 
mimy  large  bro^ni  pignietit-oelb,  and  stnall  bioplasts  are  collected  in 
clumps  at  distances  aloug  the  length  of  the  tube,  or  are  soittcred 
throughout  it. 

Tubes  of  a  simikr  iiature,  but  composed  of  pieces  of  GhhvjiniMt^ 
Ettdiokria,  Sl€.^  would  appear  to  be  rather  abmidant  ou  some  of  the 
OOZ03,  and  to  run  irregularly  over  the  bottom* 

In  the  clays  wo  alwaji  get  some  arenaceous  forma  of  PoraminifeJi 
'W'hen  there  has  been  a  successful  haul  with  the  trawl.  Their  ahells  am 
made  up  of  pieces  of  manganese,  clay,  and  small  mineral  particles^  anii 
they  contain  the  same  kind  of  sarcodic  substance  m  the  tubei  abore 
referred  to. 

An  att4U?hed  calcareous  form  (c.  f ,  OarpaiUrm)  has  been  found  in  rather 
deep  water,  and  Biloculinas,  Nodosariaa,  Triloculinas,  and  other  forms 
have  been  frequently  prot-ured  alive*  These  last  have  orange-coiotmHi 
pigment-cells,  in  which  re,spect  they  resemble  surface  BhkopoJs.  A 
hving  specimen  of  Orhuluifi  or  Qlobigeritm  undoubtedly  from  the  bottoai 
has  not  yet  been  met  with. 

In  the  early  part  of  the  cruise  many  attempts  were  made  by  all  of  the 
naturalists  to  detect  the  presence  of  free  protoplasm  in  or  on  the  bottoms 
from  our  sounding's  and  Jredgingg,  but  with  no  dtdhiite  result.  It  waj 
undoubted,  however,  that  some  specimens  of  the  sea-bottom  preserved  in 
spirit  assumed  a  very  mobile  or  jelly-like  aspect,  and  also  that  flocculent 
matter  was  often  present. 

Mr.  Buchanan  determined  that  the  flocculent  matter  was  simply  the 
amorphous  sulphate  of  lime  precipitated  by  spirit  from  the  sea-water  *. 
Subsequently  a  number  of  experiments  were  made  upon  the  behaviour 
of  this  amorphous  precipitate  when  precipitated  with  different  quantities 
of  spirit  and  when  treated  with  colouring-solutions.     The  precipitate 
was  also  examined  alone  and  mixed  up  with  some  of  the  ooze.    The 
ooze  was  examuied  at  the  same  time,  and  in  the  same  manner,  but  with- 
out having  been  treated  with  spirit.     The  results  were  shortly  these  :— 
AVhen  sea-water  is  treated  with  twice  its  volume  of  spirit  or  less, 
nearly  the  whole  of  the  amorphous  precipitate  assumes  the  crys- 
talline form  in  a  short  time. 
When  treated  with  a  great  excess  of  spirit  the  precipitate  remains 

amorphous,  and  assumes  a  gelatinous  aspect. 
This  gelatinous-like  sulphate  of  lime  colours  with  the  carmine  an<I 
iodine  solutions,  and  when  mixed  with  the  ooze  has,  under  the 
microscope,  the  appearances  so  minutely  described  by  Hackel. 
The  ooze  washed  with  distilled  water,  or  taken  just  as  it  comes  up, 
and  treated  in  the  same  manner  viith  colouring-solution,  does  not 
*  See  Mr,  Buchanan's  report. 
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show  these  appearances.  The  jelly-like  aspect  and  the  matter 
coloured  with  carmine  can  always  be  removed  from  the  spirits 
preserved  specimens  of  the  ooze  by  treating  with  distilled  water. 
In  all  cases  the  jelly-like  or  mobile  aspect  of  the  oozes  is  found  to  be 
due  to  the  presence  of  the  flocculent  precipitate  from  the  sea- 
water  associated  with  the  ooze. 
No  free  albuminous  matter  could  be  detected.' 

When  it  is  remembered  that  the  original  describers  worked  with  spirit- 
preserved  specimens  of  the  bottom,  the  inference  seems  fair  that  Baihy- 
bins  and  the  amorphous  sulphate  of  lime  are  identical,'  and  that  in 
placing  it  amongst  living  things,  the  describers  have  committed  an  error. 

Obiodt  of  Deep-Sea  Clays,    Belativs  batb  of  Deposition  of 
Deposits.    Conclusion. 

The  very  wide  distribution  of  pumice,  vesicular  lava,  or  light  scoriae  has 
been  already  alluded  to.  Some  of  the  bottoms  which  have  been  classed 
under  the  head  of  clays,  as  2900  fathoms  south,  of  Tongatabu,  are  largely 
made  up  of  pumice  in  a  fine  state  of  division.  Pumice  or  vesicular 
lavas  have,  in  short,  been  found  in  all  the  kinds  of  deposits,  most 
abundantly  in  the  vicinity  of  volcanic  islands  and  in  the  deep-sea  clays. 
It  appears  to  be  universally  present,  and  its  disintegration  is  most 
probably  the  chief  source  of  the  clayey  matter  found  in  oceanic  deposits. 
North  of  the  Sandwich  Islands  we  for  several  days  got  small  pieces  of 
pumice  floating  on  the  surface,  most  of  the  pieces  being  covered  with  a 
fungoid  growth.  In  this  connexion  it  may  be  well  to  remember  that 
Mr.  Bates  states  somewhere  that  he  found  pumice  rather  common, 
floating  on  the  surface  of  the  Amazons,  over  a  thousand  miles  from  the 
nearest  volcanic  region.  Many  instances  are  given  by  Sir  Charles  Lyell  of 
volcanic  ashes  having  been  transported  to  great  distances  by  the  wind. 

At  Honolulu  Mr.  Green  informed  me  that  PeU*8  hair  had  been  picked 
up  in  his  garden  there  after  an  irruption  of  Kelauea  in  Hawaii,  a  distance 
of  about  180  miles  from  the  crater.  If  there  be  an  ash  after  the  carbo- 
nate of  lime  is  removed  by  carbonic  acid  or  other  agent,  this  will  be 
another  source  of  the  clay. 

Mr.  Buchanan  has  determined  in  the  clays  the  presence  of  copper, 
cobalt,  and  nickel,  in  addition  to  iron  and  manganese.  Bemembering 
this,  one  is  tempted  to  suggest  the  presence  of  meteoric  or  cosmic  dust 
in  these  deposits. 

When  we  have  had  a  good  haul  from  a  red-clay  bottom,  when  the  bag 
comes  up  full  of  nodules,  tympanic  bones,  and  sharks'  teeth,  we  cannot 
resist  the  idea  that  we  are  dealing  with  things  of  a  vast  antiquity,  and 
that  we  have  evidences  of  a  very  slowly  accumulating  deposit.  When 
there  has  been  no  reason  to  suppose  that  the  trawl  has  sunk  more  than 
one  or  two  inches  in  the  clay,  we  have  had  in  the  bag  over  a  hundred 
sharks'  teeth  and  between  thirty  and  forty  ear-bones  of  cetaceans  ;  so^ne 


Digiti 


zed  by  Google 


532      Mr.  J.  Murray  on  Bome 

of  these  Lave  been  imbedded  in  ovor  an  inch  of  the  maiagstUBde,  «rTSTig«i 
in  concentric  layers,  while  otbera  have  had  just  a  trace  of  tn^gautssa  on 
them,  or  none  at  alL  We  have  every  rea,<}on  to  suppose  that  th#  aggre- 
gation of  the  manganese  around  these  relics  is  a  very  slow  proceis,  in^l 
that  (jonsequently  the  occurrenoo  of  tbew  deeply  imbedded  and  rec^eul 
teeth  and  tympanies  in  the  same  surface-layers  argues  strongly  m  favour 
of  an  exceedingly  slow  rat©  of  deposition.  These  vertebrate  remaini  are 
mo»t  abundant  where  the  manganese  abounds,  but  occur  also  in  the  fed 
and  grey  clays,  especially  in  those  the  furthest  from  the  land,  and  where 
we  may  suppose  the  rate  of  deposition  to  be  reduced  to  a  minimum. 

In  the  Ghhif/eriaa^  Eadiolarian,  and  Diatom  ootea  we  have  found 
during  the  whole  cniise  only  one  or  two  ahark*8  teeth  and  perhaps  om 
tympanic  bone.  In  shore-deposits  they  were  even  more  rare^  These 
facts,  taken  with  others  that  \nll  at  once  BUgge«*t  themselves,  go  to  show, 
as  might  be  expected^  that  the  Bhore-deposits  accumulate  faster  thaa  the 
organic  oozes,  and  these  laat  faster  than  ihe  deep-sea  clay.  The  organ- 
isms in  our  Eadiolarian  ooze  appear  to  rej^emblc  very  closely  and  in  their 
relative  proportions  those  described  from  the  Barbadoes  earths  Tbosfl 
described  from  the  Oran  deposit  in  Algeria  are  very  Uke  those  in  the 
bine  muds  taken  along  the  course  of  the  Japan  stream.  The  GMit^rifm" 
ooEes  which  wo  get  in  shallow  water  resemble  the  chalk  much  more  than 
those  in  deeper  water,  say  over  1000  fathoms.  It  is  possible  ibst  depoHitH 
similar  to  those  taking  place  in  deep  water,  far  away  from  the  great  con- 
tinental anticlines,  may  never  have  been  elevated  into  dry  land. 

In  conclusion,  large  quantities  of  the  various  bottoms  have  been  stored 
with  a  view  to  future  work,  and  a  large  amount  of  material  bearing  on 
the  subjects  treated  of  in  this  Preliminary  Eeport  have  been  accumulated. 
When  these  come  to  be  carefully  examined  and  compared,  with  the  aid 
of  appliances  and  conveniences  not  to  be  had  on  board  ship,  many  of  the 
statements  herein  made  may  require  to  be  altered  and  amended,  and 
other  facts  and  relations,  more  curious  and  interesting  than  any  hinted 
at,  may  be  revealed. 

2.  Preliminary  Eeport  on  some  Surface  Organisms  and  their  relation 
to  Ocean  Deposits. 

Throughout  the  cruise  of  the  *  Challenger,'  and  especially  during  the 
past  two  years,  tow-nets  have  been  dragged  through  the  surface  and 
deep  waters  of  the  sea  on  every  possible  occasion.  The  contents  of  the 
nets,  so  far  as  known,  have  been  carefully  noted,  and  many  hundreds  of 
preparations  have  been  made  with  the  view  of  illustrating  the  organisms 
occurring  in  different  regions  and  at  various  depths.  Many  new  animals 
have  been  discovered,  and  many  curious  relations  brought  to  light.  It 
is  not  now  possible  to  give  any  descriptions  or  to  report  fully  with  any 
success  or  satisfaction  on  such  an  extended  series  of  observations. 
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A  few  remarks  on  those  organisms  which  have  an  interest  in  re- 
lation to  the  deposits  taking  place  at  the  bottom  of  the  sea  is  all 
tliat  will  be  attempted.  Soon  after  the  arriyal  of  the  Expedition  at 
liome  I  hope  to  be  able  to  give  a  more  complete  report  on  surfoca 
organisms. 

Diatoms. — ^In  the  Southern  Ocean,  south  of  Kerguelen,  in  the  Arafura 
Sea,  ofE  the  coasts  of  Japan,  New  Guinea,  North  America,  and  in  en- 
closed bays  and  river-deltas,  in  short,  wherever  the  specific  gravity  of 
the  sea  is  low  from  an  admixture  of  fresh  water,  we  have  met  with  very 
many  Diatoms  on  the  surface.  Taking  the  maps  which  Mr,  Buchanan 
has  prepared,  showmg  areas  of  low  specific  gravity,  and  comparing  these 
with  the  records  of  the  occurrence  of  Diatoms  in  great  abundance,  it  is 
significant  how  often  these  agree.  Again,  excepting  the  area  of  the 
Diatom-ooze,  those  places  where  Diatoms  are  abundant,  and  where  the 
specific  gravity  of  the  water  is  low,  coincide  generally  with  the  areas 
where  the  blue  muds  are  found,  t.  e.  along  the  continents  and  great 
islands.  It  may  be  stated  generally  that  close  to  these  shores  we  have 
in  the  surface-waters  organisms  more  or  less  distinct  from  those  occurring 
in  the  open  sea.  Besides  many  forms  of  Diatoms,  the  true  NocHlucay 
several  Peridinia,  larv89  of  Annelids,  and  Mollusca,  Hydroid  MedussB  are 
more  or  less  characteristic  of  these  shore  waters.  In  the  Antarctic,' in 
the  Arafura  Sea,  at  Hongkong,  off  Japan,  and  elsewhere  the  tow-nets 
were  frequently  filled  with  a  yeUow  slime  in  a  short  time,  which  con- 
sisted chiefiy  of  Diatoms.  In  the  Southern  Ocean,  as  has  been  stated, 
the  Diatoms  form  a  peculiar  deposit.  In  other  deposits  they  are  at 
times  also  well  preserved,  but  occasionally  are  either  completely  masked 
by  shore-debris  or  removed  from  the  bottom. 

In  the  open  ocean,  in  the  region  marked  out  by  the  north  edge  of  the 
N  J!,  trade-wind  and  the  south  of  the  S.E.  trade,  small  forms  of  Diatoms 
do  not  occur  in  any  numbers.  They  are  represented,  however,  by  three 
large  species,  which  are  undescribed  so  &r  as  is  known.  Mr.  Wild  has 
figured  two  of  these  in  Plate  21.  These  organisms  have  an  exceed- 
ingly thin  coating  of  silica  and  are  true  Diatoms,  though  they  have  been 
confounded  with  Noctiluca,  The  nuclei  of  both  these  forms  are  highly 
phosphorescent,  and  to  them  the  diffused  phosphorescence  of  the  ocean 
within  the  tropics  is  generally  due.  A  third  large  Diatom  has  a  cylin- 
drical shape  and  a  much  thicker  coat  of  silica,  and  is  not  phosphorescent. 
These  three  forms  are  highly  characteristic  of  the  presence  of  tropical 
oceanic  waters.  The  provisional  generic  name  of  Pyrocystis  is  proposed 
for  the  organisms  figured  in  this  Plate. 

Coccospheres  and  Bhahdospheres. — ^These  minute  organisms,  which  are 
regarded  as  alga?,  have  been  found  all  over  the  ocean,  except  south  of  the 
latitude  of  Kerguelen  and  in  some  of  the  enclosed  seas.  Their  remains, 
in  the  forms  of  Coccoliths  and  Ehabdoliths,  make  up  a  very  considerable 
portion  of  the  bottom  in  some  of  the  G^fe^enna-oozes.    They  are  always 
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B^iociftted  with  the  pelagic  Foraminifeni ;  and  when  these  are  al>sent  from 
the  bottom  m  also  are  the  Coccoliths  and  Rhabdolithe. 

Pelwjic  Foraminifim, — Ali  the  obaer rations  which  have  been  or  nmj 
yet  he  made  upon  these  animals  wiW  be  collected  at  the  end  of  our  cruise, 
and  pulilished  with  those  which  haTC  been  made  by  Professor  Wjvilk 
Thomson,  It  ia  here  proposed  to  record  shortly  those  retiilte  which  it 
ia  believed  have  already  been  attained. 

Calcareous  Foramindfem  have  been  found  in  the  surface-waters  of  all 
the  oceans  and  seas  we  have  Tisit^d^  excepting  the  Amfuni  and  Japaa^ 
inland  seas.  Ti 

III  the  trqiics  they  are  most  abundant,  both  as  to  ipedes  and  nninberi, 
aud  are  uiore  numerous  In  the  open  ocean  than  near  land. 

Our  tow-uets  have  perhaps  in  no  single  uistance  been  dmgiRiKl  dowii 
to  200  fathomB  w-ithout  yielding  some  forms.  At  times  they  occur  in 
Yaet  numbers  on  the  surface,  and  with  a  bottle  cin  he  picked  up  from  a 
boat.  In  one  specimen  thus  procured  the  sarcode  of  the  animal  wAi 
found  thro^vn  out  into  bubble -like  extensions  between  the  spines  of  the 
shell,  and  over  these  expansions  of  the  sarcode  and  along  the  spines  the 
psieudopotlia  moved  freely  and  rapidly.  Mr*  Wild  has  figuried  this 
specimen  in  Plates  22  and  23,  and  Professor  Wjville  Thomson  proposes 
to  descrilre  it  under  the  generic  name  of  //of/i^mn^. 

This  is  the  only  instance  in  which  we  have  seen  one  of  these  creftturei 
fiillv  expnuded  ;  however*  Ihofie  t alien  in  the  net  can*  when  the  f^hip  h 
steady,  be  got  to  expand  partially.  Almost  always  when  they  come  up 
in  the  net  the  sarcode  is  found  to  adhere  to  and  surround  closely  the 
outside  of  the  shell,  so  much  so  that  the  pigment-cells  and  oil-globules 
obscure  the  shell,  especially  in  the  Pulvinulinas. 

Those  species  without  spines  apparently  throw  out  bubble-like  ex- 
pansions of  the  sarcode  in  the  same  manner  as  Hastigerina.  They  have, 
however,  been  seen  only  partially  extended. 

The  sarcode  matter  of  these  organisms  includes  very  many  orange- 
coloured  pigment-cells  and  oil-globules,  the  shape  and  size  of  these 
varying  with  the  species.  The  sarcode  has  also  many  small  bioplasts 
scattered  through  it,  which  quickly  colour  with  carmine.  These  are 
generally  found  congregated  in  the  smaller  chambers  of  the  shell  when 
the  animal  is  at  rest. 

About  a  dozen  species  of  these  organisms  have  been  found  on  the 
surface ;  some  are  more  or  less  tropical,  others  extend  into  the  region  of 
the  westerly  winds  north  and  south,  and  one  species  is  found  in  the  Ant- 
arctic Ocean. 

The  shell  of  the  species  represented  in  the  Plate  has  been  obeened 
only  once  from  the  bottom,  and  then  only  in  a  broken  state.  This  is  to 
be  accounted  for  by  the  fact  that  the  shell  is  exceedingly  thin,  delicate, 
and  fragile. 

The  specimens  of  these  Foraminifera  taken  in  the  surface-net  are  of 
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all  sizes,  from  the  smallest  ones  to  those  which  have  been  desmbed  with 
an  exogenous  growth.  .  Species  only  occur  on  the  bottom  in  those  places 
where  they  are  found  on  the  surface.  These  organisms  are  found  in 
vast  numbers  on  the  surface  oyer  regions  where  there  are  only  a  few 
traces  of  them  or  their  broken  parts  on  the  bottom. 

No  living  specimen  of  a  Olobigerina^  an  Orhulinay  a  Pulvintdina,  or  of 
the  new  genera  found  on  the  sur&ce,  which  undoubtedly  came  from  the 
bottom,  has  yet  been  met  with. 

The  foregoing  observations  appear  to  justify  the  opinion  that  these 
organisms  live  only  in  the  surface  and  subsurface  waters  of  the  ocean. 
The  most  potent  agent  concerned  in  the  removal  of  these  shells  from  the 
majority  of  the  deep-sea  deposits  is  very  likely  that  suggested  by  Pro- 
fessor Wjrville  Thomson,  viz.  carbonic  acid;  yet  there  may  be  others. 
Why  these  shells  should  be  almost  entirely  absent  in  some  places  at  a 
depth  of  2000  fathoms,*  and  be  abundant  in  some  other  few  places  at  a 
depth  of  2900  fathoms,  has  still  to  be  explained.  The  tow-net  seemed 
to  show  that  they  were  as  numerous  in  the  surface-waters  of  the  one 
region  as  of  the  other. 

Two  varieties  of  large  cells  are  occasionally  noticed  in  the  pelagic 
Eoraminifera,  not  unlike  the  reproductive  cells  which  have  been  described 
as  occurring  in  some  Infusoria. 

Badiolaria. — JbUidiolaria  polyzoa,  Acanthometrss,  or  Polycystinsd  occur 
almost  universally  in  the  surface-waters  of  the  ocean.  As  has  been 
stated,  they  (in  a  few  places  in  the  Western,  Northern,  and  Middle 
Pacific)  mi^Ke  up  a  large  or  principal  part  of  the  deposits  at  the  bottom. 
In  very  many  places  they  appear  to  be  nearly  or  quite  absent  in  the 
bottoms.  In  some  Qlohigerina^ooixefi  they  are  present  in  considerable 
numbers,  in  others  they  cannot  be  detected.  What  agents  are  con- 
cerned in  the  removal  of  these  organisms  is  at  this  time  a  matter  of 
conjecture. 

Deep-Sea  Bhizopods. — In  April  1875  a  plan  of  sending  down  tow-nets 
to  a  great  depth  was  adopted.  These  were  either  attached  to  the  dredge 
and  trawl-lines,  or  sent  down  separately  to  a  depth  of  2000  fathoms  or 
more.  This  method  has  been  repeatedly  practised  since,  and  with  these 
results. 

On  every  occasion  organisms  were  found  in  the  deep  nets  which  had 
not  hitherto,  nor  have  since,  been  observed  in  the  nets  used  near  the 
surface.  These  appear  to  have  a  wide  distribution,  as  the  same  forms 
have  been  taken  in  the  deep  nets  in  the  North,  Middle,  and  South  Pacific, 
whilst  the  surface  organisms  have  varied  in  these  regions  to  a  consider- 
able extent.    These  organisms  are : — 

Many  small  crustaceans,  usually  of  a  bright  orange-colour — Gope- 
pods,  Amphipods,  and  Cypridinas  principally.  Many  large- sized  Badio- 
laria,  resembling  in  most  respects  those  forms  described  by  Hiickel  under 
the  generic  pame  of  Calodendrum. 
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Many  other  Ebizo|iods,  ^?itb  more  or  less  flmsk-shapBd  or  biTBlved 
plUceous  !*  hells,  wbieh  are  undescribed,  so  farns  i^  known. 

Mr.  Wild  has  figured  nix  of  these  liist  in  Plate  24;  for  thn  wke  o£ 
convemeiio^  we  have  been  accustomed  to  call  the  organisms  Chftlbngoridjo. 
This  proviBiotial  name  wiU  be  retained  if  it  be  found  I  hat  tlieoe  org>m»uia 
are  new  to  science  and  um^'ersally  distributed  in  deep  water. 

The  shells  of  all  have  an  exceedingly  beautiful  tracer r,  a  feiie«fcr»M 
appeanmce  oft*3n,  which  was  at  first  suppoised  to  be  due  to  perfbrttknv 
of  the  shell,  but  which  a  closer  'examiuation  ehoM  s  to  be  caused  by  pit^ 
like  depressions.  Some  bare  only  one^  others  have  st'^Tral  opa]iia|i 
through  which  the  sarcode  flows.  The  sareode  of  all  (hiwe  di?«*p-w* 
Bhi£opods  has  many  large  black -brown  pigment-cella.  Bmall  bioplasli 
are  scattered  through  the  sarcode.  These  colWt  bito  capsular-Uk* 
clumps  when  the  animal  is  at  rest,  and  are  quickly  coloured  by  f^umm  J 
At  tbnm  these  Cballen  s^eHdaj  come  up  with  a  good  deal  of  the  gareode  ' 
outside  of  the  shell ;  and  two  a  peel  mens  have  been  aeen  to  throw  cmt 
elongated  pseudopodia. 

I  should  think  that  not  less  than  fifty  species  of  these  organisms  have 
been  tnken  in  the  deep  nets  already.  They  all  resemble  more  or  leai 
those  forms  drawn  by  Mr.  ^Vtld*  It  'wdll  be  interesting  to  learn  if  future 
investigations  will  ©how  these  organisms  to  be  present  in  the  deep  wstcn 
of  thi-^  Atlantic  as  well  as  the  Pacific.  In  the  Hadtolarian  oim^  ihe 
remains  of  these  ChallengeridaB  make  up  a  considerable  portion  of  the 
deposit,  and  in  some  other  deposits  of  the  North-west  Pacific  they  are 
well  preserv  ed.  In  the  majority  of  bottoms,  however,  they  appear  to  be 
quite  absent. 

Pteropods^  Heteropods^  Pelagic  Oasteropods, — Species  of  these  orders 
occur  everywhere  in  the  surface-waters  of  the  ocean.  Their  shells  make 
up  a  large  portion  of  some  deposits  in  shallow  water,  where  th^re  is 
relatively  little  land-debrig. 

In  depths  less  than  1500  fathoms  they  abound ;  deeper  than  this  tbcv 
become  more  and  more  rare.  At  2000  fathoms  and  deeper  the  only 
trace  of  these  shells  in  the  deposits  is  an  occasional  Biacria  or  Janthina 
of  a  large  size. 

Those  shells  which  are  thin  and  delicate,  as  Atkinta,  Carinarui,  and 
Styliola,  disappear  first  from  the  bottoms. 

GiarEBAL  Eemabes. 
Everywhere  we  have  found  life  abundant  in  the  surface  and  subsurface 
waters  of  the  ocean.  If  living  creatures  are  small  in  number  on  the 
surface,  the  tow-net  will  usually  yield  many  forms  if  dragged  at  a  depth 
of  100  fathoms  or  more.  We  have  not  met  with  any  really  barren 
regions.  Our  observations  appear  to  show  that  there  are  several  regions 
of  the  surface  of  the  ocean,  each  of  which  is  characterized  by  a  number 
of  peculiar  organisms  : — 
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1.  A  region  roughly  marked  out  by  the  northern  edge  of  the  N.E, 
trade-wind  and  the  southern  edge  of  the  S.E,  trade-wind. 

2.  A  region  Ijring  along  the  coasts  of  great  islands  and  continents, 
where  we  have  usually  a  mixture  of  fresh  and  salt  water. 

3.  A  region  in  the  Southern  and  Antarctic  Oceans  south  of  the  latitude 
of  60^  S. 

In  all  depths  less  than  1500  fathoms  there  would  seem  to  be  a  direct 
relation  between  the  organisms  occurring  on  the  surface  and  the  deposits 
taking  place  on  the  bottom.  Where  we  have  Diatoms  on  the  surface, 
there  we  have  their  frustules  on  the  bottom.  "Where  we  have  Olobi- 
gerina  and  Pteropods  <fcc.  on  the  surface,  there  also  we  get  their  dead 
shells  or  broken  parts  of  them ;  and  so  also  for  the  Eadiolaria,  Cocco- 
spheres,  and  other  organisms.  In  some  areas  within  the  depths  referred  to 
we  occasionally  do  not  find  the  remains  of  some  of  the  surface  organisms 
BO  numerous  as  we  should  expect.  In  these  cases,  however,  I  suspect 
they  are  rather  masked  or  obscured  by  an  abundance  of  shore  debris 
tlum  removed  from  the  deposit.  '  ' 

When  we  consider  the  specimens  of  the  bottom  from  depths  greater 
than  1500  fathoms,  the  relation  is  by  no  means  so  constant.  It  still 
holds  good  that  when  pelagic  Foraminifera,  Pteropods,  Diatoms,  Eadio- 
laria, or  Coccoliths  are  found  on  these  bottoms,  the  same  varieties  of 
each  of  these  are  found  on  the  surface ;  but  perhaps  in  the  majority  of 
bottoms,  in  depths  greater  than  1500  fathoms,  the  exu>'iaD  of  some  or  all 
of  the  organisms  found  on  the  surface  are  partially  or  wholly  absent. 
When  these  have  been  carefully  reexamined,  the  results  tabulated  and 
compared  with  other  observations  recorded  at  the  same  place,  it  is  likely 
some  light  will  be  thrown  upon  the  subject. 


3.  Preliminary  Eeport  on  Vertebrates. 

Of  the  Vertebrate  animals  collected  during  the  cruise,  the  chief  interest 
is  very  naturally  attached  to  those  fishes  on  which  our  special  investigationi 
might  be  expected  to  give  some  information.  Many  specimens  have  been 
taken  in  our  trawlings  and  dredgings.  Other  than  the  British  Museum 
Catalogue,  we  have  with  us  no  literature  on  this  subject.  Many  of  the 
specimens  which  we  regard  as  new  may  be  described,  and  some  of  those 
which  are  believed  to  be  identical  with  described  species  may  turn  out  to 
be  distinct ;  therefore  for  the  present  it  is  considered  best  to  give  a  list 
of  the  fishes,  with  the  determinations  which  were  made  at  the  time  of 
their  occurrence,  and  not  to  cumber  this  Eeport  with  descriptions. 

Besides  the  fishes  taken  in  the  trawl  and  dredge,  many  small  larval 
and  adult  forms  have  been  obtained  in  the  tow-nets.  These  last  have 
chiefly  been  preserved  as  microscopic  preparations.  In  every  case  notes 
have  been  taken  at  the  time  the  specimens  were  procured,  and  all  have 
been  labelled  and  preserved  with  great  care. 
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In  the  following  list  the  depths  to  which  the  trawl  had  been  down 
are  given.  Of  course  it  is  not  asserted  that  the  spedmens  came  from 
these  depths ;  indeed  we  know  that  many  of  the  Stemoptjchids  and 
Scopelidffi  are  surface  creatures. 

It  will  be  seen  from  the  list  that  all  the  fishes  taken  in  the  trawl  or 
dredge  have  been  relegated  to  known  families.  The  definitiana  of  scane 
families  will  require  to  be  altered  in  order  to  admit  some  of  the  new 
forms ;  but  it  is  not  thought  that  a  new  family  will  require  to  be  esta- 
blished. 

There  are  many  new  genera  and  species.  The  list  includes  the  dredg- 
ings  in  all  the  depths  greater  than  100  fathoms.  If  we  had  given  onlj 
the  trawlings  in  depths  greater  than  500  fathoms,  all  the  shore  fonns 
which  appear  in  the  list  would  have  been  eliminated.  Our  dredgings  snd 
trawlings  in  less  than  100  fathoms  do  not  once  give  a  specimen  of  the 
species  so  characteristic  of  the  hauls  in  deep  water. 

The  deep-sea  and  oceanic  forms  belong  to  very  few  families. 

Stemoptychxdas, 

These  occur  at  40  stations,  and  over  a  hundred  specimens  have  been 
taken.  Besides  those  from  the  trawl,  snuill  species  have  continually  been 
taken  in  the  nets  in  warm  regions.  South  of  the  latitude  of  50'  S.  we 
did  not  get  a  single  species  of  this  family. 

Many  of  the  pelagic  species  occur  both  in  the  Atlantic  and  Pacific 
Oceans,  i,  e,  identical  species. 

Macruridm 
occur  at  24  stations,  and  about  one  hundred  specimens  have  been  taken. 
They  have  been  met  with  in  all  latitudes,  and  most  frequently  in  depths 
between  200  and  1000  fathoms. 

In  this  family  we  have  many  species  which  cannot  be  referred  to  exist- 
ing genera.  These  fishes  were  almost  always  blown  out  and  at  times 
even  burst  when  taken  from  the  bag  of  the  trawl.  Some  of  the  species 
appear  to  be  universally  distributed. 

OphidiidcB 
occur  at  18  stations,  and  20  specimens  have  been  taken.  These  fishes 
would  seem  to  inhabit  deeper  water  than  the  Macrurids,  as  they  have  in 
most  cases  been  present  in  the  trawl  when  it  has  been  down  to  depths 
greater  than  1000  fathoms.  All  of  them  appear  to  be  undescribed, 
excepting  Bythitei  fu9eu8(?).  One  specimen  is  quite  blind;  in  another, 
which  is  semitransparent,  the  eyes  are  represented  by  small  black  dots. 
These  fishes  are  apparently  universally  distributed. 

Scopdidas 
occur  24  times,  and  41  specimens  have  been  taken.    Many  of  these 
are  truly  pelagic  fishes,  while  others  have  characters  which  mark  them 
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out  as  deep-sea.  The  majority  of  the  forms  cannot  be  referred  to  existing 
genera  or  species.  Perhaps  the  most  curious  fish  which  we  have  obtained 
belong  to  this  family.  Two  or  three  species  hare  the  upper  rays  of  the 
pectoral  fins  greatly  elongated,  these  rays  being  much  longer  than  the 
fish  in  some  cases.  These  rays  arch  oyer  the  head,  and  when  erected 
simuhite  in  a  wonderful  way  XJmbellularias,  Yirgularias,  or  Crinoids. 
Another  species  has  a  large  white  (phosphorescent?)  organ  situated  on 
the  head  between  the  eyes. 

These  fishes  have  occurred  in  all  regions,  and  when  the  trawl  has  been 
down  to  depths  varying  from  255  to  2385  fathoms. 

8t<nniatid<B 

occur  at  13  stations,  and  15  specimens  have  been  taken.  These  have 
been  present  only  when  the  trawl  has  been  down  in  deep  water,  and  all 
have  more  or  less  deep-«ea  characters.  There  are  two  or  three  new 
generic  forms,  and  new  specimens  of  Mdlaeosteua  and  Echiostoma  have 
been  secured. 

PediculiUi 

occur  at  7  stations,  and  7  specimens  have  been  taken.  A  Chaunax 
firom  360  fathoms  at  the  I^jis  appears  to  be  identical  with  that 
described  from  the  sea  off  Madeira  as  Chaunax  jpictus.  The  other  fishes 
of  this  family  all  belong  to  the  same  little  group  with  MelanocUus,  One^ 
roideSy  and  Ceratias,  One,  which  I  propose  to  describe  under  the  name 
of  Ceraiias  uranoscopusy  came  up  from  2400  fathoms  in  the  North 
Atlantic,  the  only  liying  thing  in  the  dredge  on  this  occasion. 

Halosauridcg. 
EdlosauruB  Owenii  occurs  at  5  stations,  and  5  specimens  have  been 
taken.    These  seem  all  to  be  referable  to  the  described  species,  and  occur 
both  in  the  Atlantic  and  Pacific. 

Notoeanihi^ 
One  specimen  was  taken  off  the  coast  of  Japan.    It  is  a  new  species. 

MurcenidcB 
occur  at  10  stations,  and  20  specimens  have  been  taken.    This  family 
in  our  deep-water  hauls  is  represented  by  Nemichthys  and  Synaphohran- 
chm.    The  Nemiehikys  in  the  Atlantic  is  identical  with  the  one  described 
(gcolopacea).    One  ti^en  in  the  Pacific  is  generically  distinct. 

All  the  specimens  of  Synaphohranchus  can,  I  think,  be  referred  to  the 
species  described  (pinnatus).  They  have  occurred  widely  both  in  the 
Atlantic  and  Pacific,  and  generally  with  the  Macrurids. 

Traehinidas. 
A  species  referable  to  the  genus   Chcenichthy$^  but  with  deep-sea 
characters,  occurred  in  one  of  the  deep  hauls  in  the  Southern  Ocean. 


Digiti 


zed  by  Google 


Mr.  J.  MiiirajF  ( 

Onlj  one  Bmall  epecimen  of  tJie  Sphyr^emda  and  one  of  tlie  Tri- 
chuiidaa  h&ye  bean  takt^n  during  the  cruise. 

We  havt  while  at  sea  (^ptiired  only  t^o  i¥|>med  of  bbarka.  One 
occurs  ift^dely  distributed  in  ibe  Atlaiitk  and  Patrifie ;  fbo  otbier  was 
taken  off  the  eoa-st  of  Japan. 

AVTienever  tbe  ship  has  haeJi  at  anchor,  ami  w  herc\  cr  j)ossible,  coileo- 
tions  have  been  made  of  Fishes,  Ampbibians,  lieptilcs,  Bitda,  and 
Mauimak.  CoUectirely  these  now  fonn  a  large  rollection.  They  have 
been  preserved  m  sldnfl»  spirit  specimens,  and  okeletoiis,  and  all  ^xiih  a 
^^ew  to  future  work,  hi  thti  former  three  cbisses  we  have  mot  with  a 
good  many  new  species.  In  Birds  w^e  may  have  some  Jnew  ^peeiesp  In 
Mammals  it  is  not  likely  we  have  any  new  spedes  except  amongst  the 
Cheiropt<?ra* 

Of  the  Petrels  and  Penguins  we  have  very  extensive  collections,  both 
as  skins  and  spLriti  chromic  acid,  and  other  preparaliona. 

Two  or  three  skeletons  of  very  large  spec'nnei^s  of  the  Sea-Elephant 
have  been  preservedj  and  many  B^jecimens  of  the  SouJhcm  Seals, 

List  of  (hi  Fisht^  obtained  in  Trnwlmji  and  Dttdging^  hf  U^M.S, 
'Vhaitmgtf '  in  the  i^eart  1873,  1874,  and  1875. 

Atlantic  Ocean. 


Station. 


Specimen. 


Num- 
ber. 


Depth. 


Localitj. 


Lat.         Long. 


101. 


22. 
23.  I 
40. 
60.  I 
Gl. 

G3. 

G8. 
89. 
92. 


104. 


■( 


Sfernopti/x  diaphana 

Mora  mediterranea 

Coryphccnoides  

Corjphtpnoides 

Halosaurus  Owenii    

Black  Scopelid    , , 

Small  black  Stemoptjchid    

Sfoviias  boa 

Small  black  Stemopt jchid    

Sphyr(Bna  probably  (mutilated) 

Sfctmias  boa 

Maurolicns 

Sternoptychids   

Halosau  rus 

Sfomias,  n.  sp 

Small  Stemoptychida    

Afa  uTolicus 

Ccr alias  uranosconiis,  n.  ep 

Small  Sternoptychid 

S'colopacia  

Stomiatids  

Maurolicns 

Argyropelecus 

Chauliodus  Sloa7n 

Byihifcs  fuscuSf  c.  f,  


fathoma.  ^  ^ 

1127  1 41  67  N. 

600   36  25N. 


1090 

1420 
[  450 

2675 
12576 

2850 

2750 

2175 
2400 
1975 


35  47N. 


9  4iw. 
8  12W. 

8  23W. 


18  40N.  62  56W 
Sombrer  o  Island. 


34  51N. 
34  27N. 

34  54N. 

35  29N. 

38  3N. 
22  18N. 
17  54N. 

6  48N. 
2  25N. 


68  30W. 
68  56W. 
66  28W. 

50  63W. 

39  19W, 
22  2W. 
24  41W. 

14  2W, 
20    IW. 
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Station. 


Specimen. 


Num- 
ber. 


Depth. 


Locality. 


Lat. 


Long. 


106. 

107. 
120.   ^ 

121. 

122. 

124. 
125. 
126.  I 

133. 
137. 


Afaurolicus 

Stemoptyx  diaphana . 
Melmtocetus  Johnsoni 

Small  Seopelid  

BytUtes  

Stemopfyr 

Other  fish    

Seopelid,  with  elongated  pectoral  rays 

Nemichthys 

Munena,  with  tube-like  eyes. 

Seopelid,  small  black 

Other  fish 

Macnirid    

Perisiidium  and  other  fishes. 
BalisteSj  PleuronectidB,  Hippocampus, 

Ostracion  mathe  Ac 

Seopelid,  with  white  organ  on  the 

head 

Synaphobranchus   

Seopelid,  with  long  pectorals 

Small  Seopelid   

Seopelid,  with  white  phosphorescent 

organ  on  the  head 

Macrurids,  3 
Seopelid, 


08,  6  species 
.,  smalt  


147N. 

122N. 

8  37S. 

8  28S. 

910S. 

10  11  S. 
10  46  8. 
1046S. 

35  40S. 
35  59S. 


24  26W. 

26  36W. 
34  28W. 

34  31W. 

34  SOW 

35  22W. 

36  2W. 
36   8W. 

20  65W. 
126B. 


Southern  and  Antarctic  Oceans. 


145. 

146.  . 

147. 
152. 

156. 
157 

158.  . 

159.  I 


Larffe  Macrurid 

Small  Pleuronectid    

Macrurids  

Macrurid(?)   

Halosaurus , 

Murcma  

Scopelids,  with  mucif.  canals 
Macrurids,  1  large,  2  small  ... 
Ctumichthys^  deep-sea  species 

Opbidiids    

Stomiatids  

Lepfocepkalus-likb  fish  

Macrurids  

Scopelids 

Chauliodus 

Nrmichihys 

Macrurids  , 

Small  Stemoptychids    , 

Stomiatid,  lift,  in  length    ... 
Stemoptyx  diaphana , 


1 

1 
14 

1 

4 

1 

2 

3 

1 

2 

2 

1 

3 

2 

1 

1 

12 
many. 


310 

1375 

1600 
1260 

1975 
1950 

1800 

2150 


P.Edwar 

46  46  S. 

46  16  8. 
60  52  8. 

62  26  8. 
53  55  8. 

50    18. 

47  25  S. 


d  Island. 

45  31 E. 

48  27E. 
80  20E. 

95  44E. 
108  35  E. 

123   4E. 

130  32  E. 
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Pacific  Ocean. 


StatioiL 


Specimen. 


Localitj. 


IGS. 

164. 
166. 
167. 

168. 
169.  / 
170. 


171. 


173. 


Hippocampus 

Dogfish   

Thrjiedo  

Rq;a    

Pagrua 

Lophioid 

Young  Maorurid 


T^achichthys  inUrmediua 

Macrurtu  armatus , 

Flatystetkus  abbreviatvu, 

Scorpana  JBarathU 

Psemorhombua  

Solea    

Large  Ifaorurid 

Small  Maorurid 

Large  Scopelid,  2  ft.  long 

Small  Scopelid  

Macruridfl,  4  species 

Maurolicus,  Scopelid 

SmnXL  Maurolieits  

Macruridsi  3  species 

Scopelids 


192. 


Scopelid,  with  long  pectorals 

Macrurid,  orer  2  iL  , 

Seyeral  small  species 

Maurolicus 

ArgyropeUctia 

CMunaxpictua 

Bythifes  

MuMcnid    

Scopelids,  2  species    


Small  Macrurids    

Maurolicus 

Maurolicus 

Ophidiid,  blind  

Echiostoma  harbatum 

Large  Ophidiid  

Transparent  Ophidiid   .. 

Small  Ophidiid  

Scopelid  {ParaUpis^  c.  f.) 

Stomiatid    

Scopelid  

Peristethus  


Raia 

Solea   

Uranoscopus   

Scopelid  , 

Peristethus  

Stomiatid    

Macrurid 

Lophioid  (Ceratias) 
Maurolicus 


129  58  E- 


126  59  E. 


Digiti 


zed  by  Google 


-_■_  -^ 

t        J  ^ 

.• 

4 

• 

^ 

1                          atr                      Ko* 

Digitizei'Bj'GoOgle 

\^ 


• 


Digiti 


zed  by  Google 


Murray' 


Proc.Jioy.Soc.VoL  2^.  PL.  2, 


0  5.  wn 


Fyrocislis 
pseudonocliluca 


'fyrocistis 

fufiiformis 

(Wy.T.) 


i^fB€ 


0(5bg\e 


G  w««t  ath. 
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Hastigerma    Murrayi    (Wy.T. ) 
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Station. 


Specimen. 


Num- 
ber. 


Depth. 


Locality. 


Lat 


Long. 


196. 


200. 

205.   ^ 
206. 

207. 
210. 


214.  < 


216. 


218.- 


219. 


232. 


235. 


Ophidiid,  blind  

Another  Ophidiid 

Soopelid,  with  sense^rgan 

Other  Soopelids 

Small  Macrurids    

Scopelid 

Jr^yropelecus 

Futuiaria  serrata  , 

Ophidiidfl    , 

Scopelid , 

Trachypterm,  c.  f.  tpinola,,, 

Halosaurus  Owenii 

Synapkobranokus  pmnatus 

Ophidiid , 

Stemoptyx  diaphama 

Coccia^  e,t,  ovata  

Malaeoiteus  niffer 

Macrurids,  3  speoiee 

S^pkobranchus  pmnatus 

Soopelid  ^Scope/iM)    , 

Scopelid  (0(2(mtos^t>mtM)  ... 

ChauUodus  SHoanU , 

Synapkobranchm   

Ophidiid 

Ixemoptyx  diaphana 

Coceia , 

Small  transparent  fish  

LopkiuSf  Solea    , 

Pms/tf/Aua  (Gobiid)  , 

Lophioid  (Melanocetus)    .., 
XeMoapkalus  (Qadoidei)  ... 

Mauroticta 

Coceia 

Coceia , 

Small  transparent  fish   , 

Coceia 

Another  Stemoptychid , 

Scopelid,  new  ,,, 
Stemoptychid... 

Melanocetus 

Shark,  small    ... 

Lepidojms    

Macrurids 

Qadids 

Synapkobranckus 

MuraDnas 

Beryx  

ScorpmfM 

Myxtne 

Stemoptyx 

Siomias  boa 

Halosaurus  Owetiii,, 


Trawl 


Boats. 


Uptuaiids    

Marrurids,  3  species  . 

Plafycephalus 

Baja    

Synaphobranchus  .... 


fathoms. 

►  2150 

255 

1050 
2100 

700 
375 

>  500 

2000 
1070 

150 

HlOO 

2325 

|2300 

2425 

i.  345 


seyeral 


565 


o     I 
2  55N. 

6  48N. 

16  42N. 

17  54N. 

12  21N. 
9  26N. 

4  31N. 

2  66N. 
2  33N. 

150S. 

042  S. 

5  31N. 
14  44N. 

26  29N. 
35  ION. 


O       I 

124  53  E. 

122  25  E. 

119  22  E. 
117  14  E. 

122  15  B. 

123  46  E. 

127   7E. 

134  UK 

144  4B. 

146  42R 

147  22  E. 

145  13  E. 
162  13  E. 

137  57  E. 
139  30  E. 


34   7N. 


138   OE. 
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Pacific  Ocean  (C'mitimied). 


Station. 


Spe(?lmen» 


Num- 
ber. 


Depth. 


IXiC&IitT. 


Lti.        loti^ 


236, 


237. 

246.  I 
265. 

271. 

272. 
276. 
28L 

285. 
2815. 
2Sfl. 
2flT* 
2U5. 


Ooccia  ...*^.H'. ..«.^....«...r...,.*-.<' 

Steraoptychidi    ♦ ^ .- 

Largo  OpludUd  «.,.^4-"i<«*^<«><'* 

Muu.*rurids   ,....,.......,i,,p*«..k^.*«.<«^. 

S^nupMrtjTjck  ui    ,,„»„  *  *«„  i*»  *,**«.*  i 
Largo  Soopelid   ■>i«*.««ftk..i«>.t4.«M*i 

KofocfinlAu^ **« ,.  ii 

Slemoptychida  {(^ia,  Mmiro!ti*m) 

Stomktid    p..., ........*«,..«..... 

/^V*' tipAf^frriinMM  m'n nof t£4   « .*  > * •  < • » - ^ 
MocrurJdBi  2  Bpe^ies  , M.i«t** »>.<** i»**- 

CWcui ^.,.i>ti<*«i««*«t««ii«»ii 

Largf»  Mtu^rurid .«».....,.. .^.M«,. .,«..„ 

Scfipelid^  Ynth  mudf.  cwmli * 

Trichiund  ....,.....,,***.,............,*. 

Opiiidiid,  traDspor^nt    ,..,,.,...* 

Scopelid  ,..., ,..p„.,.,«4*-'.,.»- 

S<*opfiltd  .....»,......,..,...  , ,„*, 

Stomintid     , .*..*•», **.-... 

Stern  opt jcbid. ,  .„.„,....„,,.*, 

St^opelidj  witji  elongated  p^toral  mp 

Small  fit<?moptyehid  * 

Kemi^Ui^fl,  noT.  genu » 


420, 

] 

1S75 


2D00 

[2050 

2SK)0 

3425 

2800 
3350 


2375 
2335 
2550 

1500 


9      I 


04  37K, 
S6  23K. 

aaioN. 

12  42N. 
033a 

3  46S. 

13  2S  B. 
23  21  a 
32  36a 
:*3  29  9. 
.%  41  a 

3U  i:j  a 

36    7  8. 


tl3d30E 


140  32 1. 

160  £31. 
ITS  OB. 
i^llW. 

131 34W, 

152  56W. 
149  3UW. 
150 17W. 
137  43W, 
133  27W. 

m^m. 

1184aw. 
01  4W, 


III.  "  Preliminary  Report  to  Professor  Wyville  Thomson^  F.R.S., 
Director  of  the  Civilian  Scientific  Staflf,  on  the  true  Corals 
dredged  by  H.M.S.  'Challenger'  in  deep  water  between  the 
dates  Dec.  30th,  1870,  and  August  31st^  1875.''  By  H.  N. 
MosELEY,  Naturalist  to  the  Expedition.  (Published  by  per- 
mission of  the  Lords  of  the  Admiralty.)  Received  February  14, 
1876.     Read  March  16. 

The  following  Report  is  to  be  regarded  as  merely  preliminary,  and  will 
be  followed  by  a  full  account  of  the  corals  dredged  by  the  *  Qiallenger/ 
which  c«n  be  prepared  only  after  the  termination  of  the  present  voyage. 

Many  specimens  have  been  sent  home  for  greater  security,  and  are 
thus  not  available  for  comparison.  Moreover,  in  the  case  of  corals,  it  is 
impossible  to  determine,  with  any  accuracy,  specific  relations  without 
making  comparisons  with  museum  collections,  which,  of  course,  has  been 
impossible  in  the  present  instance. 

The  list  of  corals  obtained  here  given  has  been  made  as  accurate  as 
circumstances  would  permit.  The  amount  of  corals  obtamed  by  the 
*  Challenger'  in  deep  water  has  been  small,  considering  the  very  large 
number  of  dredgings  which  have  been  made.  Corals  have  been  yielded 
by  only  about  forty-eight  of  the  numerous  dredgings  and  trawlings.    Of 
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these  forty-eight  hauls,  twenty-five  were  made  in  1873,  thirteen  in  1874, 
and  ten  in  1875.  The  much  larger  proportion  of  coral-yielding  hauls 
obtained  in  the  earlier  part  of  the  cruise  is  no  doubt  partly  due  to  the 
fact  that  the  dredge  wa^  then  most  frequently  made  use  of,  whereas  sub- 
sequently the  trawl  has  been  almost  exclusively  employed,  since  it  yields 
so  much  better  general  results.  The  majority  of  deep-sea  corals  being 
simple  and  imbedded  often  partly  in  the  mud,  are  more  readily  gathered  by 
the  dredge.  It  is  remarkable,  however,  that  the  trawl  does  bring  up  some- 
times abundantly  such  small  discoid  forms  as  Fungia  symmetrica ;  and 
one  of  the  best  hauls  of  corals  obtained  was  made  with  the  trawl.  It 
was  that  which  yielded,  on  Sept.  26th,  1874,  between  the  K^  Islands  and 
the  Banda  group,  in  129  fathoms,  two  most  beautiful  new  species  of 
SUphanophyllia,  a  very  large  new  species  of  LeltoeycUhuSj  a  new  Platy^ 
trochus,  besides  several  simple  EupsammidcB  and  Cary&phyUiinos,  The 
following  is  a  list  of  the  corals  obtained  from  depths  of  50  fathoms  and 
upwards,  with  a  statement  of  all  the  various  localities  and  depths  at 
which  each  form  has  occurred. 

List  of  Cordis  dredged  in  a  depth  of  60  fathoms  and  upwards  hy  II,M,S. 
•  Challenger,'  from  December  SOth,  1873,  to  August  Slst,  1875,  unth 
Depths  and  Localities  for  each  /Species, 

Caryophyllia  davus  (Scacchi)=C7.  borealis. — 2nd  July,  1873:  off  Fayal, 
Azores,  50  fathoms.  10th  July,  1873:  lat.  37°  24'  N.,  long.  25° 
13' W.,  off  theAzores,  1000  fathoms.  3rd  May,  1873 :  lat.38°34'N., 
long.  72^  10'  W.,  1250  fathoms.  21  st  May,  1873 :  42*^  10'  N.,  long. 
63^39' W.,  1250  fathoms. 

CaryophyUia  formosa  (Pourt.).—18th  Feb.,  1873:  lat.  25°  45' N.,  long. 
20°  12'  W.,  about  300  miles  E.  of  C.  Bodajov,  1530  fathoms.  4th 
April,  1873 :  east  of  Bermuda,  435  fathoms. 

CaryophyUia  (several  species). — 25th  March,  1873 :  off  St.  Thomas, 
W.  Indies,  390  fathoms.  August,  1873  :  off  St.  lago,  Cape-Yerd 
Islands,  100-120  fathoms.  4th  March,  1874 :  off  Twofold  Bay,  N.  S. 
Wales,  120  fathoms.  26th  Sept.,  1874 :  off  the  Ke  Islands,  in  129 
fathoms. 

Ccenocyathus,   sp.  —  17th  Oct.,  1873:  off  Nightingale  Island,  Tristan 
d'Acunha,  100-150  fathoms.    26th  Sept.,  1874 :  off  the  K6  Islands, 
126  fathoms. 
Aeanthoeyaihus,  sp.— 3rd  August,  1874:   off  Kadavu,  Fiji  Islands,  210 
fathoms. 

Acanthoeyaihus,  c.  i.^25ih  Jan.,  1875:  between  Panglao  and  Siquijor 

Island,  375  fathoms. 
Trochocyathua  coronaius  (Pourt.).— 25th  March,  1873 :  north  of  Culebra 

Island,  near  St.  Thomas,  D.  W.  Indies,  390  fathoms. 
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Thec^tfatliuSf  sp. — I9th  Sept.,  1874 1  off  tlia  N.E.  end  of  Banda  hihsxi, 

60  fathoms. 
Dtltocyaihii^  Afjtmkii  (Pourt,)- — 25th  IVIarch,  1873 :  north  of  Culebm 

ielond,  near  St.    Thomas,  D.  W,  L,  390  fathoms,      iVHh  April 

1873 :  off  Bermuda,  200  fathoms  (in  the  souaclhig-machino)*    ^**tij 

May,  1873:  off  t!ie  Bermudas,  1075  fathoms-     10th  JuJv,  l^utr 

lat.  37^  26'  K,,  long.  25°  W  W.,  1000  fathoms. 
BdUycyailim  jigansizii  ( Pour t.)?— 23rd  Sept.,  lS74t  lat.  6*^37'  ^^,  Imp 

134°  4'  E.J  off  Dobbo,  Wamma  Island,  Am  Islands,  800  fathom;^. 
PfUaajaikm  i^mijjiifi^iis  {nir.  ii}.^2i^t\i  Septi  1874:  lat.  5=*  42*  8,,  long, 

132°  25'  E.,  S.W*  of  the  Tioiifolokker  iBlands,  129  fathom.^* 
FlatiftrQchis   ruhtsc^ix  (sp.  n,), — 20th   Sept.,  1874;  lat,  5=*  42' S„  long* 

132^  25'  E.,  S.W.  of  the  Tionfolokker  Inlands.  120  fathoms. 
VmimrQchm  dkuUma  (sp,  n.),— IQth  July,  187^3  v  lat.  37^  26'  N.,  long. 

25^  14'  W*,  1000  fathoms.     0th  Sept".  1873  i  lat.  8*^37'  S.,  bag.  34' 

28'  W*,  off  Pemambuco,  Brazil,  675  fathoma. 
Cere^trochus  platt/pm  (sp,  n.), — 13th  June,  1B74  ;  lat.  34^  13'  S.,  Itwig. 

15 1"*  38'  E.,  410  fathoms,  off  the  coast  of  Xew  South  Wales, 
Cimtotrochm  discoides  (sp,    n.).— Otb  Sept.,  1873  :   lat.  8^  37'  S,^  lon^. 

34*^  23'  W.,  off  Pemambuco,  Brazil,  675  fathoms, 
Vtraiotremhii^  nohilh  (sp.  ii.),— 30th  Juno,  1S73  :  lat,  38^  30'  K.,  hup 

31°  14'  W.,  114  miles  from  Fayal,  Azores,  1000  fathoms. 
Turhinolidce  (undetermined). — 25th  March,  1873 :  north  of  Culebra  Island, 

near  St.  Thomas,  D.  W.  I.,  390  fathoms.     18th  Dec.,  1873 :  hit.  35° 

4'  S.,  long.  18°  37'  E.,  150  fathoms. 
Fldbellum  alahastmm  (sp.  n.).— ^Oth  June,  1873 :  lat.  38°  20'  N.,  long. 

31°  14'  W.,  1000  fathoms.     10th  July,  1873 :  between  St.  Michael's 

and  west  end  of  S^'  Maria,  Azores,  1000  fathoms. 
Flabellum  apertum  (sp.  n.).— 15th  Jan.,  1873 :  lat.  37°  4'  N.,  long.  9°  14' 

W.,  off  the  coast  of  Portugal,  900  fathoms.     27th  Dec.,  1873:  cff 

Prince-Edward  Island,  S.  Indian  Ocean,  310  fathoms. 
Flabellum,  sp.  (same  as  foregoing  species?), — 30th  Dec,  1873:  lat.  4^ 

16'  S.,  long.  48°  27'  E.,  about  84  miles  west  of  Hog  Island,  16(H) 

fathoms. 
FUthellum  variahile  (Semper). — 4th  March,  1874  :  off  Twofold  Bay,  New 

South  Wales,  Australia,  120  fathoms.     10th  Sept.,  1874  :  bt.'  9°  59' 

S.,  long.  39°  42'  E.,  38  fathoms.     26th  Sept.,  1874 :  lat.  5°  42'  S., 

long.  132°  25'  E.,  S.W.  of  the  Tionfolokker  Islands,  129  fathoms. 
Flabellum,  sp. — 4th  March,  1874 :  off  Twofold  Bay,  New  South  Wales, 

Australia,  120  fathoms*. 
Flabellum,  sp.— 12th  May,  1875 :  lat.  35°  10'  N.,  long.  139°  30'  R,  off 

Inosima,  Kamakura  Bay,  Japan,  345  fathoms.     4th  June,  1875: 
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lat.  34^  T  N.,  loDg.  138*'  0'  E.,  about  35  mUes  S.S.W.  of  Oinae  Saki 

Lighthouse,  Japan,  565  fathoms. 
FUthtUum^  sp.  (variety  of  the  foregoing  species?). — 1st  March,  1875  :  lat, 

2**  33'  S.,  long.  144°  4!  E.,  about  40  miles  north  of  Bossig  Island, 

Schouten  Island,  1070  fathoms. 
FlahtUum  angulare,  sp.  n.— 21st  May,  1873 :  lat.  42^  10'  N.,  long.  63° 

39'  W.,  1250  fathoms. 
Cy(UhoMia  axillaris  (M.-Edw.  <fe  H.).— 13th  Oct.,  1874:  lat.  0°  45'  S., 

long.  126°  59'  E.,  825  fathoms. 
Lophohelia  Carolina  (Pourt.). — 15th  March,  1873 :  off  Sombrero  Island, 

D.  W.  L,  460  fathoms. 
Lophohelia  prolif era  (M.-Edw.  &  H.).  — 25th  March,  1873j  north  of 

Culebra  Island,  near  St.  Thomas,  D.  W.  I.,  390  fathoms"! 

Loj)7w7ulia,  sp.:— 17th  October,  1873 :  off  Nightingale  Island,  Tristan 
d'Acunha,  100-150  fathoms. 

Lophohelia,  8p.—29th  Sept.,  1874:  off  Banda  Island,  360  fathoms. 

Lophohelia,  sp.— 25th  Jan.,  1875 :   lat.  9°  26'  N.,  long.  123°  46'  E., 

between  Panglao  and  Siquijor  Island,  Philippines,  375  &thoms. 
Lophohelia,  sp.— 28th  August,  1873  :  off  St.  Paul's  Eocks,  Atlantic,  100 

fathoms. 

Atnphihelia,  sp. — 18th  Oct.,  1873:  between  Nightingale  Island  and 
Tristan  d'Acunha,  1000  fathoms.  26th  Sept.,  1874 :  lat.  5°  42'  S., 
long.  132°  25'  E.,  south-west  of  the  Tionfolokker  Islands,  129 
&thom8. 

G^enus  of  Ocidinidce,  sp. — 18th  August,  1874  :  off  Api,  New  Hebridee, 
60  fathoms. 

Madracis  Uellana  (Valenciennes  in  M.-Edw.  &  H.). — 4th  April,  1873: 
east  of  Bermuda,  435  fathoms. 

Gtenus  of  AstrcBaeece,  sp.— 26th  Sept.,  1874  :  lat.  5°  42'  S.,  long.  132°  25' 
E.,  south-west  of  the  Tionfolokker  Islands,  126  fathoms. 

Cladocora  arhusmU  (M.-Edw.  &  H.).— 4th  April,  1873 :  east  of  Ber- 
muda, 435  fathoms. 

Stylaster  Duchassaingii  (Pourt.),  c.  f .— 10th  Sept.,  1873 :  lat.  9°  10'  S., 
long.  34°  39'  W.,  off  Point  Calvo,  Brazil,  400  fathoms. 

Stylaster  complanafus  (Pourt.). — 15th  March,  1873 :  close  to  Sombrero 
Island,  D.  W.  I.,  460  fathoms. 

Stylaster  (c.  f .),  sp.— 10th  Feb.,  1875  :  lat.  4*^  31'  N.,  long.  127°  V  E.,  off 
the  Meangis  Islands,  500  fathoms. 

Stylaster,  sp. — Same  locality. 

Genus  of  Styla3terace(r.—4t)i  July,  1874  :  lat.  29°  55'  S.,  long.  173°  14' 
W.,  off  Baoul  Isknd,  520  fathoms. 
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I  lar^iitohdia,  sp.  (C.  pw^l£(5£i,  c.  L),— 18th  Ft*b,,  lB7i^  :   kt,  25*  U'  N,] 
'  long.  20^  V2'  W.,  1530  fathoms.    25th  March,  1873:  off  Somho^j^, 

D/W.  L,  390  fathoms.     15th  July,  1^74!  Ut.  2S''  33'  S.,  long. 
■^     177'*  50'  W.,  about   45  tulles  north  of  Eaoul   Islaad.   Kt-TmiAW 
^B     Islund,  600   fathoms,      5th  June,  !1875  :    bt.  34^  56'  N.,  Joof. 
■■      139^  30'    E,»  between  Yiios  lataad,  Ooaima«  and  Capo  Si^aii, 
Japan,  775  fathoms,  ■ 

BfdampIujlUa,  sp.— 20th  Oet-p  1874:  lat.  T"  32*  K,  long.  121®4S'b3 

Basilan  Str,,  Philippines,  102  fathoms. 
Balimjyhf/lUar  sp.— lOth  Sept.,  1873  :  Ut.  ^  W  B.,  long,  34°  39'  W^ 

off  Port  Cal70,  Bmzil,  400  fathoms, 
Gonus  of  simple  Biq^smimidai^  2  dp.— 26th  Sept.,  1874  t  l&t.  5P  42  S*, 
long*  132°  25'  K,  south-«rest  erf  Tionfolokker  Islands,  IS^  fathoms, 
J}rndn>pliyUia  ranuQ  (Biainv.). — August,  1873 ;  off  8t,  lago,  Cape^T^nl 

Inlands,  100-120  fathoms, 
$trphan6phijlUa  compUcata,  sp,  n.  (S.  fim^talis^  Quenstedt,  e.  f.),^ — 36tb 
Sept. ,"1874:  kt.  5^  42*  S,,  long.  132^  25'  R,  eouth-west  of  the 
Ti<»nf(>lokker  Isknds,  12D  fathoms. 
BifphmiophifUm  formosiminm  (ap.  n.), — 26th  Sept,,  1874  :  kt,  h^A'I  Sj 
long.  132^  25'  E.,  south-weat  of  the  Tionfolokker  Iskuda^  \M 
fathoms.  20th  Jan.,  1875  r  off  C<sbu,  Philippine  Isknds,  with 
Eif^^^h'rttlhi  ^fjipt>i*tfilhfri\^  9,5  fathoms. 

Fangia  symmetrica  (Pourt.). — 25th  March,  1873:  north  of  Culebra 
Isknd,  near  St.  Thomas,  D.  W.  I.,  390  fathoms.  22nd  April, 
1873 :  south-west  bank  off  Bermudas,  30  fathoms.  29th  May, 
1873  :  south-west  of  Bermudas,  1075  fathoms.  30th  June,  1873 : 
lat.  38°  30'  N.,  long.  31°  14'  W.,  114  miles  from  Fayal,  Aiores, 
1000  fathoms.  10th  July,  1873  :  kt.  37°  26'  N.,  long.  25°  14'  AV., 
1000  fathoms.  11th  Oct.,  1873  :  kt.  35°  41'  S.,  long.  20°  55'  E., 
about  400  miles  west  of  Inaccessible  Island,  Tristan  d*Acunha,  1900 
fathoms.  25th  August,  1874 :  kt.  13°  50'  S.,  long.  155''  55'  E., 
south-west  of  the  Louisiade  Archipelago,  2440  fathoms.  3rd 
March,  1874 :  kt.  53°  55'  S.,  long.  108°  35'  E.,  1950  fathomi. 
29th  Sept.,  1874:  off  north  end  of  Banda  Isknd,  360  feithoiM. 
3rd  Oct.  1874  :  kt.  4°  21'  S.,  long.  129°  7'  E.,  between  Banda  and 
Amboyna,  Moluccas,  1425  fathoms.  13th  Oct.,  1874  :  kt.  0°  45'  S., 
long.  126°  59'  E.,  825  fathoms.  1st  March,  1875  :  kt.  2°  33'  S., 
long.  144°  4'  E.,  about  40  miles  north  of  Eossig  Island,  Schouten 
Isknd,  1070  fathoms.  21st  March,  1875 :  kt.  7°  45'  N.,  long. 
144°  20'  E.,  1850  fathoms.  23rd  June,  1875 :  lat.  35°  41'  N.,  long. 
157°  42'  E.,  North-west  Pacific,  2300  fathoms.  28th  June,  1875 : 
kt.  32°  22'  N.,  long.  169°  53'  E.,  2900  fathoms. 

PUohothrus,  sp.  n.  (Pourt.). — 15th  March,  1873:  close  to  Sombrero 
Island,  D.  W.  I.,  460  fathoms. 


Digiti 


zed  by  Google 


Cord9  dredged  by  H.M.S. '  ChaJkngerJ  649 

Dead  Pragmmts  dnftedfrom  Shdllouhshore  Eegiom, 
Se^oraLuU,,c.i. }  ^^'^^^'■'  ^^^^ :  off  Bauda  Island.  200&thom8. 

List  of  GoraU  dredged  from  lees  than  50  fathomi,  but  of  especial  interest. 
Madracis  asperula  (M.-Edw.  &  H.). — 22nd  April,  1873 :   south-west 

bank  off  Bermudas,  30  fathoms ;  St.  Vincent,  Cape-Verd  Islands, 

shallow  water ;  Fernando  de  Noronha,  shallow  water.  ^ 

FUibeUum  variabile  (=sF,  StoTcesii  a  F.  Oweni  ss  F,  aculeatum  8  F,  spi^ 

nosum,  Semper, '  Generations wechsel  bei  Steinkorallen'). — 12th  Sept. 

1874 :  lat.  8°  56'  S.,  long.  136°  5'  E.,  Arafura  Sea,  49  fathoms. 
With  this   species : — Bhodopsammia  soeialis  (Semper),  Ekodopsammia 

pardllela  (Semper),  and  a  genus  of  Astrceaeece, 
Heliastrasa  cavernosa  (M.-Edw.  &  H.). — 10th  Sept.,  1873:   off  Barra 

Grande,  Brazil,  30  fathoms. 
Fungia  symmetrica. — 22nd  April,  1873 :  south-west  bank  off  Bermudas, 

30  fathoms. 

Notes  on  the  Corals  enumerated  in  the  foregoing  List, 
Caryophyllia  clavus  (Scacchi). 
Professor  Martin  Duncan  (Ann.  and  Mag.  Nat.  Hist.  1870,  vol.  v. 
4th  ser.  p.  289)  has  remarked  on  the  wide  variation  displayed  by  this 
species,  and,  after  an  examination  of  a  long  series  of  specimens,  has 
concluded  that  G.  davu^^  G.  Smithii^  G,  egathus,  and  G,  horealis  are  to 
be  regarded  as  varieties  of  one  and  the  same  species,  for  which  the 
name  G,  davus  is  adopted  by  him  in  his  final  description  of  the  corals 
dredged  by  H.M.S.  *  Porcupine.'  Many  varieties  of  this  form  have  been 
obtained  by  the  *  Challenger;'  but  the  series  obtained  in  each  separate 
locality  have  been  remarkably  uniform,  showing  a  similarity  of  variation 
produced  in  the  species  by  the  action  of  certain  external  conditions. 
This  fact  has  been  found  to  hold  good,  not  only  in  the  case  of  Garyo- 
phyUia  clavus  but  also  in  that  of  BeUocyathus  Agassizii  and  Fungia  symn 
metriea^  as  will  be  subsequently  described.  As  instances  may  be  cited 
the  two  following  hauls  of  G.  clavus  : — On  July  10,  1873,  in  the  neigh- 
bourhood of  the  Azores,  in  lat.  37°  24'  N.,  long.  25°  13'  W.,  about  thirty 
specimens  of  the  coral  were  obtained  from  1000  fathoms.  Many  of  them 
were  in  the  fresh  condition  with  the  soft  parts  uninjured.  The  corals 
were  all  sharply  conical,  with  narrow,  pointed,  unattached  bases,  and  all 
uniformly  curved.  They  were  from  a  bottom  of  fine  mud,  where  only 
very  small  particles  are  present  for  the  attachment  of  the  young  coral. 
On  dredging  off  the  island  of  Fayal  in  the  Azores  in  a  depth  of  50 
fathoms,  another  series  of  G.  clavus  was  obtained.  Here  the  bottom  was 
composed  ot  irregular  masses  made  up  of  a  coarse  volcanic  sand 
cemented  by  Seri)ula'tubea.    The  adult  CaryophyUuMwm  fttwhed  to 
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theee  masses  l>y  broad  bases,  and  were  all  remarkably  gmall,  Tir>  doubt 
from  the  imfavourable  condition  in  which  they  existed  on  a  volcumc    _ 

bottooLp  f 

The  Inrgeat  of  the  series  of  30  epecimene  of  the  ctinred  mrietT  of  f* 
fiavus  meftsured  2  eeiitims.  in  height*  The  soft,  parts  of  the  animals 
ffew  transparent  and  aJmost  colourless. 

Obtained  oS  Kadavu,  Fiji  Island e,  August  3,  1874,  m  210  fathomi. 
The  epecimen  appears  to  be  closely  allied  to  A.  Grat/i  as  described  1>J 
J^Iilne-Edwarda**  It  differs  m  beiiig  attached, not  free;  but  the  pedid? 
of  attachment  is  very  fine.  A,  Uwfi  has  its  lateral  costtse  pronded  ^itli  ^ 
^ihree  or  four  spines,  very  strong,  horkontal^  and  compact.  In  tbe  ■ 
present  specimen  the  spines  are  developed  only  on  one  of  the  lateral 
postaJ,  and  indicated  by  indentationB  on  the  other-  The  caliele  is  ov*I 
in  horizontal  section,  as  in  A^  Grmji.  Three  species  of  AmnihKyn^ihm 
have  been  described,  viz.  A,  Oraifi,  recent,  locality  unknot' n ;  A,  Hm- 
tingm^  of  Miocene  age,  from  Malta  (M.-Edw,  &  H,,  h  r.)  ;  tnd  X 
\ig€r^  recent,  from  Japan,  lately  described  by  Savillo  Kentt. 

TrocJwc^falhtiS  corona tus  (Ponrt,)- 
The  condlura  is  wltite.  It  ra  free,  but  with  a  small  scar  of  adherence* 
t  is  circular  in  horizontal  section,  ^nth  a  broad  flat  baiie,  mth  the  plane 
of  which  the  walls  of  the  calicle,  slopijig  outwards,  make  an  augle  of 
about  60°.  At  the  junction  of  the  wall  of  the  calicle  with  the  base,  the 
base  is  continued  horizontally  outwards  into  twelve  stout  spines,  irre- 
gularly beset  with  small  pointed  tubercles.  The  spines  correspond  in 
position  with  the  primary  and  secondary  costsB.  There  are  six  systems 
of  septa,  and  four  cycles,  with  a  partial  fifth  cycle  in  large  specimens. 
The  septa  of  the  four  cycles  are  complete.  All  the  septa  are  exsert. 
The  primary,  secondary,  and  tertiary  septa  bear  pali,  those  of  the  tertiary 
septa  being  the  most  developed.  The  columella  is  large  and  composed 
of  a  tubercular  mass  of  contorted  papillae.  The  largest  specimen 
measures  27  millims.  in  diameter  of  the  caliple,  and  32  millims.  in 
extreme  diameter  between  the  tips  of  the  exsert  septa.  Its  extreme 
height  is  20  millims. 

Five  specimens  of  this  coral  were  obtamed  off  St.  Thomas,  D.  W.  L,  in 
390  fathoms.  One  of  the  specimens,  being  very  young,  was  seen  to  be 
identical  w4th  the  young  and  imperfect  specimen  figured  and  described 
by  Count  Pourtales  as  T.  cor<matust'  The  young  form  differs  very 
much  from  the  adult,  the  spines  being  scarcely  at  all  developed.  In  its 
tendency  to  develop  a  fifth  cycle  of  septa  this  species  conforms  with  the 
Trochocyaihi  armes  of  MM.  Edwards  and  Haime,  a  large  number  of  these 

*  MM.  Milne-Edwards  et  J.  Haime,  *  Hist.  Nat.  dee  Coralliairea,'  t.  ii.  p.  22. 

t  W.  SaviUe  Kent,  "On  new  Madrepore»,"  Proc.  ZooL  Soc.  1871,  p.  275, 
.^     t  Pourtalee,  I.  c.  p.  16. 
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liaving  five  cycles.     The  present  species  is,  with  the  exception  of  T. 
_2>hilippinen8i8  (Semper,  I.  c.  p.  21,  tab.  xx.  fig.  16),  the  only  known 
xecent  one.    The  fossil  species  range  from  the  Lias  to  the  more  recent 
Tertiary  beds.    They  are  most  abundant  in  Miocene  deposits. 

Thecoeyathu8^  sp. 
Only  a  single  specimen  of  this  genus  has  been  dredged  oS  Banda 
Island  in  60  fathoms.    The  specimen  is  young,  with  roots  only  just 
commencing  to  be  formed. 

BeUoeyathus  Agasaiziu 
This  coral  has  been  dredged  on  five  occasions.  On  one  occasion  thirteen 
8x>ecimens,  all  dead,  were  obtained.  On  another,  July  10, 1873,  lat.  37*^ 
26'  N.,  long.  25°  14'  W.,  fifty  specimens  were  procured  at  one  haul,  most 
of  them  with  the  soft  parts  in  $itu.  An  examination  of  this  latter  fine 
series  gives  the  following  results.  Although  the  series  obtained  near 
8t.  Thomas,  D.  W.  I.,'appeared  to  bear  out  Pourtales's  assertion  that  the 
young  coralla  of  this  species  are  cup-shaped,  and  that  they  gradually 
become  more  saucer-shaped  as  age  advances,  such  is  not  the  case  in  the 
long  series  of  fifty  specimens.  In  this  nearly  all  the  larger  specimens 
have  the  calicle  deeply  cup-shaped,  whilst  the  younger  ones  are  flatter, 
and  some  of  the  very  small  ones  (2-5  millims.  in  diameter)  absolutely 
flat.  Some  of  the  specimens  are  14  millims.  in  diameter,  a  shade  larger 
than  Pourtales's  largest  specimen.  The  series  presents  points  of  well* 
marked  variation  from  the  West-Indian  specimens.  The  coralla  are  all 
characterized  by  having  their  primary  and  secondary  septa,  as  well  as 
their  pali,  extremely  exsert ;  but  the  pali  never  project  so  high  as  the 
septa  to  which  they  are  soldered  at  their  bases,  as  they  do  in  Pourtales's 
specimens  and  in  the  specimens  dredged  by  the  'Challenger'  in  the 
West  Indies.  No  tendency  towards  the  homed  variety  described  by 
Pourtales  is  to  be  seen  in  the  present  series.  The  coralla,  in  being 
more  cup-like  than  specimens  hitherto  obtained,  approach  the  fossil  D. 
itdlicuSy  as  figured  in  Bronn's  'Klassen  und  Ordnungen  des  Thierreichs ;' 
but  the  difference  in  the  nature  of  the  cost®,  relied  upon  as  distinctive 
between  the  two  species  by  Pourtales,  is  as  well  marked  here  as  in  all 
other  specimens  obtained  by  us.  Professor  Martin  Duncan  considers 
D,  Agassizii  to  be  not  specifically  distinct  from  2>.  Ualicus,  A  direct 
comparison  of  the  long  series  of  specimens  of  the  recent  species  obtained 
by  us  with  the  fossil  form  will  no  doubt  determine  this  point. 

Deltoeyathtis  Agassizii  (homed  variety  of  Pourtales). 
M.  de  Pourtales,  in  hia  description  of  BeUocyaihus  Agassizii^  gives  an 
account  of  varieties  of  that  species  in  which  the  primary  costse  are  large 
and  prolonged  beyond  the  margin  of  the  calicle,  forming  a  star.  One 
mutilated  specimen  is  figured  by  this  author,  in  which  the  primary  costao 
are  prolonged  into  horn-like  appendages  as  long  as   one  fourth  the 
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diameter  of  the  caUcle  *,  In  sounding  off  Bermuda,  on  April  17,  J 
in  about  200  fathoms,  a  finely  prase  nod  specimen  of  thU  varii^ty  ym 
obtained,  in  which  the  hom-like  appendages  are  developed  to  a  remark- 
able degr^*  The  diameter  of  the  calide  ia  9  millims. ;  the  length  of  the 
horns  or  spines  is  3^5  miUims*,  or  more  than  one  third  tho  diamet^  of 
the  ealiclc.  The  horns  have  no  accessory  prong  as  in  Pourtule^'s  speci- 
men i  thtjjr  are  slender,  roundedj  and  taper  to  a  ^mt  point.  A  ioiiie- 
what  smaller  horn  is  developed  in  relation  with  one  of  the  moGodstf 
eostfflj  although  the  rem  seining  secondary  coataj  show  no  tendency  to 
elongation.  The  horned  or  st-eUate  variety  of  D,  jhjoisizii  appeared  to 
Pourtales,  at  first,  to  preaeot  good  specifie  charaetera ;  but  the  evxamiaar 
iion  of  intermediate  forms  showed  that  It  was  not  apeeifieally  distiiic^p 
Kone  of  these  int<^rmediate  forms  hare  been  obtained  by  ua,  the  single 
epecimen  of  the  extreme  condition  of  the  variety  standi ug  quite  iaolatad* 
The  epecjinen,  which  is  in  most  excellent  preserration,  shows  furtlwr 
points  of  mterest.  Thus  tho  pal i>  us  a  whole,  project  more  promin^atly 
above  the  general  elevation  of  the  septa  than  in  the  eaie  in  the  noanil 
epeeimens ;  and  the  V  or  delta  formed  hy  tbe  junction  of  the  secondary 
with  the  tertiary  pali  is  prominent  and  conspicuous  ;  so  that  in  this 
respect  the  coral  approaches  the  fossil  spedefl  i?.  tioliout,  as  figured  hf 
Bronntf  more  closely  than  do  the  normal  spectei ;  and  there  are^  fnrthtr, 
present  aroiiTid  the  coliimt^llaTor,  rather,  to  be  considered  as  formin^r  p^rt 
of  it,  six  small  rounded  projections  covered  with  minute  spines  placed 
regularly,  one  opposite  each  of  the  secondary  septa,  as  appears  to  be  the 
case  in  the  fossil  form.  In  other  respects,  however,  the  specimen  shows 
the  same  differences  from  D.  italicus  as  are  presented  bj  the  normal 
specimens  and  as  are  described  by  Pourtales,  viz.  the  cost®  are  covered 
with  fine  sharp  granulations,  not  formed  of  large  grains,  and  the  colu- 
mella, or  rather  its  central  portion,  shows  no  traces  of  a  threefold 
arrangement.  The  corallum  is  an  almost  flat  disk,  much  flatter  than  any 
other  specimens  of  D,  Agassizii  obtained  by  us. 

During  a  visit  which  I  paid  to  Boston  in  the  spring  of  1873,  Count 
Pourtales  informed  me  that  he  had  obtained  a  series  of  specimens  of  the 
stellate  variety  of  D.  Agassizii  from  Barbadoes,  where  all  the  specimens 
of  this  coral  seemed  to  assume  this  remarkable  form. 

Beltocyathus  magnificuSy  sp.  n. 

This  name  has  been  given  to  a  gigantic  example  of  this  genus,  of 
wliich  two  living  specimens  were  obtained  from  126  fathoms  between 
the  Ke  Islands  and  the  Banda  group. 

The  corallum  is  quite  flattened  and  discoid.  The  inferior  surface  is 
slightly  concave,  the  margin  of  the  calicle  being  somewhat  tumid.  The 
tissue  composing  the  corallum  is  dense,  and  of  a  slight  reddish-yeDow 

*  Pourtalea,  /.  c.  pi.  5.  figs.  9  &  10. 

t  Bronn,  Kl.  und  Ordn.  dec  Thierroiohs,  2te  Bd.  t.  ir.  flg.  10. 
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tint — ^not  white  as  in  D.  Agassizii.  In  the  structure  of  the  columella 
this  species  differs  more  strongly  than  D.  Agassizii  from  D.  italicus,  the 
columella  being  very  diffuse  and  finely  trabecular,  whilst  there  is  no  trace 
of  the  rows  of  tubercles  on  the  costae.  A  fifth  cycle  of  septa  is  fully 
developed,  whereas  the  other  two  species  of  the  genus  have  only  four 
cycles.  All  the  septa  bear  pali  disposed  in  four  crowns,  the  quaternary 
pali  being  largest.  The  diameter  of  the  corallum  is  3  centims.  The 
disk  of  the  living  animal  was  of  a  h'ght  ochre-yellow  colour,  somewhat 
reddened  towards  the  margin  of  the  calicle.    The  tentacles  were  white. 

Platgtrochus  rubeseens,  sp.  n. 

The  corallum  is  compressed  and  wedge-shaped,  without  trace  of  ad- 
herence, and  provided  with  lateral  aliform  expansions  derived  from  the 
lateral  cost®.  It  has  six  systems  of  septa  and  four  cycles.  The  septa 
are  exsert  with  rounded  superior  borders.  The  columella  is  elongate 
and  fascicular.  •  The  corallum  is  of  a  pale  reddish  colour.  In  outward 
aspects  this  coral  resembles  the  genua  Endopachys  ♦,  but  shows  no  trace 
of  perforate  structure.  It  appears  also  related  to  the  genus  Sphetw- 
irochus  t,  in  which,  however,  there  are  only  three  cycles  of  septa,  and  the 
septa  are  not  exsert.  Sphenotrochus  crispus  has  the  lateral  costsa  more 
developed  than  those  of  the  faces.  It  is  placed  provisionally  in  the 
genus  PUUytrochus^  which,  however,  has  in  the  species  known  only  three 
cycles  of  septa.  The  Platytrochi  have  broad,  lateral  cost».  PI,  Stohesii 
was  placed  by  Lonsdale  in  his  genus  Endopachys.  Several  living  speci- 
mens and  two  dead  ones  of  PI.  rubesceiis  were  obtained  from  129  fathoms 
off  the  K6  Islands. 

Ceraiotrochus  diadema,  sp.  n. 

The  corallum  is  white;  it  is  shallow  and  saucer-shaped;  it  has  a 
short,  rudimentary  pedicle,  with  small  scar  of  adherence.  The  primary 
and  secondary  costao  are  prominent  and  serrate.  There  are  six  systems 
of  septa  and  five  cycles.  The  whole  of  the  septa  are  exsert,  the 
primary  and  secondary  extremely  so,  projecting  1  centim.  above  the 
margin  of  the  calicfe.  The  quinary  septa  unite  with  the  quaternary, 
the  quaternary  with  the  tertiary,  and  the  tertiary  with  the  secondary. 
The  primary  septa  remain  free  throughout  their  whole  course  to  the 
columella.  The  columella  is  large  and  oval,  and  composed  of  contorted 
fascicular  matter. 

The  extreme  diameter  of  the  corallum  between  the  tips  of  the  exsert 
septa  is  5*75  centims.,  the  extreme  height  2*15  centims. 

A  young  specimen  of  this  coral,  with  the  soft  parts  in  situ,  was 
dredged  on  10th  July,  1873,  in  lat.  37^  26'  N.,  long.  25°  14'  W.,  from 
1000  fathoms ;  and  a  single  adult  specimen  was  obtained  from  off  Fer- 


*  MM.  Edwards  and  Haime,  Let.  iii.  p.  97. 
t  Ibid.  t.  ii.  p.  65. 
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nambuco,  Brazil,  m  675  fathoms,    It  was  without  soft  i>art8,  but  auTt 

re^utly  dead. 

Ccmtoif*ochus  platifpuij  sp>  n. 

The  coralliim  is  shallow  and  circular,  Yf^th  a  wide  homoutal  iHiae,  from 
which  the  low  cjilicular  wall  rises  abruptly  aud  almost  vertically*  A 
rudimentai7  peduncle  is  present  attached  to  a  siaaU  spiral  shell,  wkidi, 
together  with  the  peduncle,  becomes  buried  and  obliterated  in  My 
grown  specimeiis.  Primary  and  secondary  cost  jo  are  slightly  markfi^  i 
they  are  simple,  without  teeth »  Theiie  are  six  systems  of  septa  and  five 
cycles*  The  quinary  eepta  are  incomplete.  The  septa  are  not  fused 
with  one  au other.  The  primary  and  secondary  septa  are  eitrerady 
eisert.  Well-marked  pali  are  present  on  three  of  the  septa  of  the  largtr 
specimen ;  othen^  ise  pali  arc  absent.     The  columella  is  rudimentarr* 

K    Extreme  diameters  of  two  specimens  4*0  centims.  and  3*5  centimt-; 

^^itrcme  heights  of  the  same  2 '2  centims.  and  1*9  centim*  They  wen* 
procured  together  in  lat.  34°  13'  S.,  long,  151°  38'  R,  in  410  fathom 
Both  specimens  bad  oyidently  been  dead  a  long  time, 

^L  Ceratoti-ochHi  discotdes^  sp*  n. 

This  species  resembles  U,  diadema^  but  is  evidently  qiecifically  distiiKt, 
The  coral) um  is  of  the  same  shallow  Baucer-ahape.  The  sepia  are  lew 
exsert.  than  in  C  diaderim^  aud  there  are  only  four  cycles  ci  septa,  the 
fourth  n  ele  being  imperfect.  The  secondary  and  tertiary  septa  art>  not 
fused  to  one  another.  The  columella  is  little  developed,  and  made  up 
only  of  the  fusion  of  the  swollen  inner  ends  of  the  septa ;  it  is  ex- 
cavated in  its  centre.  A  scar  of  attachment  is  present,  and  similar  to 
that  in  C,  diadema.  The  costa)  are  serrate.  The  diameter  of  the  conJ- 
lum  is  2-1  centims.  The  specimen  is  evidently  adult.  Only  one  speci- 
men has  been  obtained,  from  675  fathoms,  lat.  8°  37'  S.,  long.  34°  28'  W., 
off  Pernambuco. 

Ceratotrochus  nohilis,  sp.  n. 

This  species  differs  from  the  three  preceding  in  being  deep  aud  cup- 
shaped,  the  base  being  rounded,  conical  in  form,  and  not  flattened.  A 
scar  of  attachment  is  present.  The  costsa  are  beset  with  short  teeth. 
The  septa  are  exsert  with  rounded  sununits.  There  is  no  trace  of  pali. 
Only  one  specimen  has  been  obtained,  114  miles  from  Fayal,  Azores,  in 
1000  fathoms. 

Note  on  the  four  Species  of  Ceratotrochus  above  described. 
The  four  species  of  corals  above  described  are  evidently  very  closely 
related  to  one  another.  In  all  the  septa  are  remarkably  exsert,  in  C. 
platypus  extraordinarily  so.  All  show  traces  of  original  attachment,  and 
are  subpedicellate.  In  all  but  (7.  platypus  the  costfe  are  armed  with 
short  spines  or  teeth.  In  its  general  form  C,  platypus  recalls  Trocho- 
cyathus  coronatus,  and  it  is  remarl»able   that  it   shows   a  tendency  to 
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develop  pali.  GThe  corals  have  been  placed  provisionally  in  the  genus 
Ceratotrochus,  New  genera  will  possibly  have  to  be  formed  for  (7. 
platypus  and  C.  diadema. 

Flahdlwn  alabagirtim,  sp.  n. 

The  corallum  is  of  a  beautiful  light  pink  colour,  and  is  very  thin  and 
fragile.  It  is  wedge-shaped,  with  an  attenuated  pedicle.  The  lateral 
costad  are  sharp,  with  slightly  prominent  irregular  edges;  they  make 
an  angle  with  one  another  of  from  120°  to  140®.  The  external  surface 
of  the  corallum  is  covered  with  a  glistening  epitheca.  The  primary  and 
secondary  costsB  of  the  faces  are  almost  as  well  marked  as  the  lateral 
costsB,  and  appear  as  irregularly  dentate  ridges,  separated  by  slight  de- 
pressions. The  calicle  is  compressed  from  side  to  side  in  its  centre. 
Its  upper  margin  is  curved,  describing  about  one  third  of  a  circle,  and  is 
deeply  indented,  the  primary  and  secondary  co8t»  being  prolonged  into 
prominent  pointed  processes.  There  are  six  systems  of  septa  disposed 
in  five  cycles.  The  primary  and  secondary  septa  are,  approximately, 
equal;  the  tertiary,  quaternary,  and  quinary  successively  narrower. 
The  quaternary  septa  join  the  tertiary  at  a  short  distance  before  reaching 
the  columella.  The  septa  of  the  fifth  cycle  are  incomplete.  Three  per- 
fect specimens  obtained  had  about  the  same  dimensions.  Extreme 
height  of  the  calicle  5  centims.,  longest  diameter  6*5  centims.,  shortest 
diameter  3  centims.  The  complicated,  sharply-toothed  margin  of  the 
calicle  forms  the  most  striking  feature  about  this  Flahellum.  Its 
extreme  fragility  is  remarkable  in  so  large  a  species.  It  appears  to 
belong  to  the  division  of  the  genus  FlaheUa  Bubpedicellata  of  MM. 
Edwards  and  Haime,  and  to  the  subdivision  of  these  characterized  by 
having  the  cost»  prominent  and  ridge-like  on  the  faces,  as  well  as  on 
the  lateral  margins.  These  corals,  however,  have  the  fifth  cycle  of  septa 
complete.  Two  of  the  specimens  obtained  were  alive,  and  expanded 
themselves  when  placed  in  sea-water,  notwithstanding  the  depth  from 
which  they  came.  The  inner  margin  of  the  disk  around  the  elongate 
mouth  presents  a  regular  series  of  dentations  corresponding  with  the 
septa,  and  is  of  a  dark  madder  colour ;  the  remainder  of  the  disk  is  of  a 
pale  pink.  The  tentacles  take  origin  directly  from  the  septa ;  they  are 
of  an  elongate  conical  form ;  those  of  the  primary  and  secondary  septa 
are  equal  in  size  and  placed  nearest  the  mouth  and  at  an  equal  distance 
from  it,  together  with  the  tertiary  tentacles,  which  are  somewhat  shorter, 
but  are  placed  in  the  same  row  with  them.  The  tentacles  of  the  fourth 
and  fifth  cycles  are  successively  smaller,  and  placed  at  successively 
longer  distances  from  the  mouth.  Placed  on  either  side  of  each  tentacle 
of  the  fifth  cycle,  and  again  somewhat  nearer  to  the  margin  of  the 
calicle,  are  a  pair  of  very  small  tentacles  which  have  no  septa  developed 
in  correspondence  with  them.  The  number  of  tentacles  is  thus  ninety- 
six.    The  tentacles  are  light  red  in  colour.    Between  their  bases  are 
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fitrlpea  of  jeUowieb  red  and  pale  grey.    Thh  coral  was  dredged  tiriMil^J 
the  aeighbourliood  of  the  Azores  from  1000  fathoms ;  live 
three  iiviHg  aud  two  dead,  were  obtained. 

W  FiahtUum  ap^Hum^  ftp*  tu 

The  coraUum  is  muoh  compreiiod  at  tho  bast^,  ^\■he^0  it  fomis  a 

pedicle,  wliieb  ib  attached  in  one*  «|*ccitnt?n  to  ti  miauiu  rolled  portacle  of 

I  iwalt.    Above  the  pedicle  th«  walU  of  the  eoraUum  eurte  outwards,  lo 

Lf  to  form  a  widely  open,  almost  eup-ahsiped  calicle*      Thti  sLiinmit«  of 

ngl5  caliclo  at  the  t-ermmation  of  the  bug  axis  are  a  little  lower  ilim 

I  lliose  at  (lie  teruvinatioB  of  the   short  aiis.     The  wall  of   thi*  ododa 

"  present**    twelve    prominent   eosta!    ridgea   separated    by    iiitorvoolo{ 

rounded  I'sojivations,     The  primary  ridgi^s  are  more  marked  than  tkt 

BOt^iondary,  and  the  lateral  costm  slightly  more  proiuinent  thau  the  othent, 

RTid  eoiituiued  almost  to  the  apex  of  the  pediele.     The  surface  of  the 

wall  and  costal  ridges  is  smooth,  and  covered  mth  a  glistening  epi thecal 

The  margin  of  the  ealicle  is  deeply  and  irregularly  dentate,  w4th  sbarpl/ 

angular  prominences  coiTeaponding  to  the  primarr  and  secondary  co^tn. 

tThe  septal  arrange ment  is  remarkahU*  for  its  sbnplicity  and  symmetry 
m  occurring  in  a  FlahtUttrfi,  There  aro  four  cycles  of  ^pta  in  iii 
systems,  and  these  are  present  in  every  specimen  obtained  without  any 
irregularity,  the  syitems  being  all  of  the  same  breadth.  Tbd  co1uiii«l^^ 
fa  little  developed,  and  eompused  of  scanty  outgt'owths  from  the  irmff 
ends  of  the  septa. 

Extreme  height  of  the  largest  specimen  2  centims. ;  longer  axis  of  the 
<fialicle  3" 4  centims.,  shorter  axis  2*3  oentims. 

The  mean  proportion  of  the  axes  of  the  series  is  about  100  to  137. 
This  Flahellum  has  a  wide  range,  having  been  obtained  by  us  off  the 
coast  of  Portugal,  and  also  off  Prince-Edward  Island  in  the  South  Indian 
Ocean,  in  900  and  310  fathoms  respectively. 

Flahellum  angidare,  sp.  n. 

The  corallnm  is  thin  and  fragile  and  of  a  pearly  white,  covered 
externally  with  a  glistening  pellicular  epitheca.  The  ealicle  is  vase- 
shaped,  widely  open,  the  diverging  walls  making  with  one  another  an 
angle  of  about  110°.  A  short  cylindrical  pedicle  is  present.  The  mout^ 
of  the  ealicle  is  even  and  pentagonal  in  outline;  from  each  angle  of 
the  pentagon  a  stout  costal  ridge,  very  slightly  dentate,  runs  down  to 
the  pedicle.  Between  these  costae  the  wall  of  the  ealicle  presents  five 
faces,  almost  flat,  but  with  slightly  marked  secondary  cost®.  The  septa 
are  in  five  systems  and  four  cycles ;  they  consist  of  extremely  fragile 
laminae  covered  with  granules  on  their  faces.  The  septa  are  complete, 
except  the  quaternary,  which  reach  to  a  very  short  distance  only  from 
the  calicidar  margin.  The  columella  is  well  developed  and  trabecular, 
formed  of  outgrowths    of  the  inner  ends  of  the  septa;  it  is  deeply 
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placed  in  the  calicle,  the  free  verticftl  margins  of  the  primaiy  and 
secondary  septa  extending  above  it  for  a  considerable  height. 

Extreme  breadth  of  the  calicle  2*45  centims.,  extreme  height  1*1 
oentim. 

The  coral  was  obtained  in  lat.  42°  10'  N.,  long.  63°  39'  W.,  from 
1250  fathoms  off  the  coast  of  Nova  Scotia.  The  single  specimen  as  jet 
obtained  is  evidently  abnormal  in  its  arrangement  in  fives.  This 
arrangement  in  fives  is  perfect.  There  are  exactly  40  septa — 10  primary 
and  secondary  in  dimensions,  10  tertiary,  and  20  quaternary. 

Cyaihohelia  axillaris, 

A  single  specimen  of  this  species,  broken  but  quite  fresh,  was  obtained 
from  826  fathoms,  in  lat.  0°45'  S.,  long.  126°  59'  E.  This  very  peculiar 
form  was  hitherto  known  only  from  Japan.  It  is  quite  a  new  genus 
amongst  deep-sea  corals. 

Cryptohelia  pudica  (?). 

Of  Cryptohelia  Piercii^  Pourtales  only  obtained  very  small  and  badly 
developed  specimens.  A  large  series  of  specimens  of  this  genus  has 
been  dredged  by  us.  They  show  great  variation ;  and,  some  being  evi- 
dently identical  with  C.  Piercii  (Pourt.),  others  seem  to  show  that  this 
species  is  merely  a  dwarfed  form  of  CryptoheUa pudica  of  Milne-Edwards 
and  Haime,  from  which  our  best-developed  specimens  are  apparently 
indistinguishable.  Further,  as  has  already  been  pointed  out  by  Pour* 
tales,  the  genus  EndoTulia  of  Milne-Edwards  and  Haime*  appears 
indistinguishable  from  the  genus  Cryptohelia,  We  dredged  specimens  of 
an  undoubted  Cryptohelia,  apparently  of  the  same  species  as  our  other 
deep-sea  specimens,  off  Japan  in  775  fathoms,  in  the  living  condition. 
The  genus  Cryptohelia  appears  to  be  a  characteristic  deep-sea  one,  with  a 
remarkably  wide  range,  as  with  most  other  deep-sea  forms.  We  have 
obtained  it  in  the  neighbourhood  of  the  Canary  Islands  and  off  the 
Danish  West  Indies  in  the  Atlantic,  whilst  Pourtales  obtained  it  from 
off  Bahia,  off  Bahia  Honda,  and  off  Sombrero,  D.  W.  I.  We  further 
obtained  it  near  the  Kermadec  Islands  in  the  South-west  Pacific  and 
off  the  coast  of  Japan.  M.-Edwards's  original  specimen  was  from  New 
Guinea,  and  therefore  probably  not  from  deep  water.  The  coral  was, 
however,  not  met  with  by  the  *  Porcupine '  in  the  Northern  Atlantic. 

Dendrophyllia  ramea. 

Occurs  with  Corallium  ruhrum  at  the  Cape-Verd  Islands  in  from  100 
to  120  fathoms  just  as  it  occurs  with  Corallium  in  the  Mediterranean. 
It  occurs  also  in  100  fathoms  off  Setubal  in  Portugal,  but  there  without 
CaraUium  t. 

*  M.-Edw.  &  H.  /.  c.  t  ii.  p.  128. 

t  Saville  Kent,  Ann.  &  Mag.  Nat.  HiBt.  1870,  vi.  p.  4GL 
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Ste^lianopliyllia  complicata  and  S,  formosissinia. 
Two  species  of  corals,  procured  from  126  fathoms  in  the  neighbour- 
hood of  the  Ke  Islands,  have  been  referred  to  the  genus  SuphanophijlUa, 
Both  species  are  discoid,  and  have  their  wall  extremely  perforate;  in 
fact  composed  merely  of  finely  trabecular  tissue.     Two  genera  of  discoid 
corals,  Micrahacia  and  StephanojpJif/Uia,  are  given  by  M.-Edwards  and 
Haime*,  which  present  this  peculiarity  of  having  their  wall  covereil  with 
minute  perforations,  so  as  to  be  sieve-like  in  appearance.     The  gi'nus 
Micraha4ria  is  placed  amongst  the  imperforate  corals ;   whilst  HUphth 
ixophyllla  is  considered  one  of  the  Eupsammida^.     The  differences  k- 
tween  the  two  genera  seem  diflicult  to  define.     Both  are  remarkable  f')r 
having  the  costa)  corresponding  in  position  to  the  interspaces  betwetii 
the  septa,  and  not  to  the  septa  themselves.     The  present  species  are 
placed  in  the  genus  SteplMnophyllia^  because  in  one  species  all  the  septa, 
excepting  the  primary,  fuse  together  before  reaching  the  colamelb; 
whilst  in  the  second  species  a  peculiar  extreme  fusion  and  contortion  of 
the  septa  takes  place  with  the  ad\^ncing  age  of  the  coral,  which  remhrs 
it  very  like  Stephanophyllia  JlorealU  figured  by  Quenstedt  t-     The  alter- 
nation of  the  cos  tie  with  the  septa,  the  presence  of  five  cycles  of  septa, 
and  perforation  of  the  base  here  occurring  are  characters  common  to 
both   genera,   Micrahacia  and  SteplianophyUia.    The  tvro   species  here 
described  are  placed  provisionally  in  the  genus  Stcphanophyllia ;  a  new 
gonus  may  have  to  be  formed  for  them.     They  seem  to  have  little  or  no 
alllnity  to  tlie  Eup.sammida?. 

SU'phanophylUa  c<yinplicata ,  sp.  n. 

Tin?  coriillum  is  ciiviilar,  freo,  aiul  without  trace  of  adherence :  it  ha^ 
the  form  uf  ii  ])iconvo\  lens,  tlio  ])as(»  IxMng  very  slightly  curved,  and  tlu- 
upper  surface  gre:itly  so.  The  under  snrfatro,  or  wall,  is  jierforated  liy 
rows  of  obloui:;  lioles  arrangod  in  regular  sorius  along  the  iiitorspact^s  be- 
tween tlie  eostrc.  The  cosfie  are  fine  ridges  covered  with  small  swellin.u'- 
and  granules,  \\hich  radiate  out  witli  great  i-egularity  from  the  centrt*  oi 
tlie  basal  disk;  thry  eommence  in  the  eentre  from  sL\  very  short  runt? 
of  origin,  \\\\\{i\\  immediately  bifurcate,  thus  Ix^coniing  twche.  The  l-i- 
fim-atiou  (»F  eaeh  of  the?  costal  ridges  procetMls  at  suroes>iv»'  di^tir.-^ 
from  the  etMitiv,  until  at  the  margin  of  the  adnll  e<»ral  there  are  '.'i'' 
eost;e  ])resent,  KJ  in  eaeh  system.  The  oostie  at  the  margin  of  th«'  t:iii  t 
are  .slightly  grooved,  sliowing  a  tenden(y  to  divide  a.i^ain.  The  jH-r:-'!::- 
tions  between  the  oosUi'  form  about  L'2  eonerntrirally  arrani:.d  r-.-'v 
The  ecn-al  i^  very  eonvcx  above  the  septal  mrsh\\ork.  vWuv::,  in  an  k  ■■:. 
curve  which  culniinales  at  the  eoluinella.     Th«M'e  i-<  >.  anrly  anv  ..i;'!:: 

fossa,      'riiere  are  six  systems  of  sepia  aurj   \\\i}  eyrji's.      '.I'!i,»   j.ji 

scj)la  are  thin   straight  lamelhewith   untoothrd  ni;irg:n-.  wliji  h    ji;...   ■: 

*  Ar.-Kihv.  v't  II.  /.  c.  t.  iii.  i>j».  ;;!>  \  lo<. 

t  Pt'tri'liicienkuiide,  Tat".  Ixxvi.  wo.  1:1,  ji.  780;  Jura,  ]>.  ,>7. 
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directly  from  the  periphery  to  the  base  of  the  columeUa.  At  about  half 
their  length  from  the  periphery  to  the  centre  of  the  calicle  is  a  notch 
followed  by  a  sudden  rise,  which  forms  thus  a  distinct  palus,  from  the 
summit  of  which  the  line  of  the  inferior  margin  of  the  septum  slopes 
sharply  down  to  the  base  of  the  columella.  The  secondary  septa  are  also 
straight  thin  laminae ;  they  can  be  traced  in  the  adult  coral  no  further 
than  for  about  one  third  the  distance  from  the  periphery  to  the  columella, 
since  they  are  here  covered  by  the  tertiary  septa,  which,  bending  over 
the  secondary  septa  at  this  point,  bring  together  their  upper  margins,  and, 
fusing  with  one  another,  form  stout  lamin»,  which  run  in  a  radial  direc- 
tion to  join  the  columella,  and  are  the  stoutest  and  most  conspicuous 


Shows  the  arrangement  of  the  septa  in  the  adult  and  young  Stq^hanophyHia  com- 
plieafa.  The  specimenB  were  taken  September  2ft,  1874,  in  VJ9  fathoms  off  the  K6 
Islands. 

A.  Adult,  diam.  17  centim.  B.  Young,  diam.  6  millims. 

septa  in  the  coral.  From  their  point  of  junction  with  the  secondary 
septa,  the  tertiary  septa  curve  outwards  towards  the  primary  septA  on 
either  side  in  each  system ;  and  each  of  them  being  joined  on  its  side 
next  the  primary  septa  by  a  curved  quaternary  septum,  curved  lines  of 
septal  matter  are  formed  which  are  fused  by  short,  transverse,  synapti- 
cular  laminie  to  the  primary  septa,  at  points  very  near  the  centres  of  the 
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lengths  of  each  of  these*  Thus  in  bmugbt  about  the  pecSJikr  amngie* 
meut  which  fonnB  the  most  striking  feature  presented  by  the  aduJt  coml, 
and  ifbich  consists  in  the  prtmnm  Oi^ouf^d  th€  elonffote  ^unvUa  cf  ^ 
»)^mm€trically  arranged  oval  hollme  spaces^  each  cf  u  AiVA  u  mdmi 
by  a  lo&p^likt  lamina^  as  it  were^  of  hftrd  tissue^  ajid  hiueUd  hnf^ 
dirutUtf  %  the  inn^  end  of  the  palm  of  ike  corresponding  prinuir^  nfptm 
(see  accompanying  digram,  p.  559)* 

In  their  farther  course,  the  tertiary  septa  are  bent  from  mde  to  eidei&i 
tnoet  pemarkable  manner,  and  fusing  at  successive  distances  outwards  with 
the  shorter  qnotemary  and  still  shorter  quinary  septa,  which  are  hkevi** 
extremely  undulate  in  their  course,  a  series  of  chambers  ie  formed,  wMrk 
chambers  are  closed  at  their  peripheral  ends  by  processes  of  synapticakr 
matter.  The  chambers  are  arranged  symmetrically  in  each  9yst*^iii  on 
either  aide  of  the  secondary  septum,  and  sucoeftsively  decrease  in  sififr 
and  increase  in  number  from  the  centre  outwards*  The  cliamberB 
opening  all  over  the  coral  give  it  a  most  remarkable  honeyeombed  ap* 
pearanco. 

The  columella  ii  an  elongate,  thin,  Tertic^  lamina  stretched  in  line 
with  an  opposite  pair  of  primiiry  septa*  At  its  base  it  is  provided  with 
rootlets,  which  join  the  primary  and  fused  tertiary  septa. 

In  a  young  ^eeimen  of  this  atrtd^  without  reference  to  which  the  true 
nature  of  the  complicated  Btruetures  in  the  adult  could  hardly  hare  been 
determiuedj  the  corallum  is  almost  symmetrically  biconvex  and  perfect  I  v 
circular ;  but  the  columella  is  elongate,  as  in  the  adult.  The  arfumella 
is  papillar  rather  than  laminar,  and  represents  the  rooted  base  of  the 
adult  columella.  There  are  sixty  perfect  costsB  present  at  the  nuu^ 
of  the  calicle,  and  the  commencement  of  two  moie  in  each  system  (•.  e, 
twelve  in  all).  There  are  twelve  concentric  rows  of  perforations  in  the 
base.  GThe  septa  are  not  nearly  so  much  contorted  as  in  the  adult,  and  the 
synapticular  junctions  between  them  not  being  as  yet  formed,  the  division 
of  the  septal  cavities  into  successive  chambers  is  not  apparent  as  in  the 
adult.  No  superficial  fusion  of  the  primary  with  the  curved  extensionfl 
of  the  tertiary  and  quaternary  septa  has  as  yet  taken  place ;  hence  no 
six-rayed  star  or  flower  appears  in  the  centre.  Stout  transverse 
granular  projections  are  present  on  the  upper  margins  of  the  septa,  the 
sources  of  future  synapticular  connexions.  Only  four  cycles  are  com- 
plete in  each  system.  Two  members  of  the  fifth  cycle  are  present  in 
each  system,  and  are  those  nearest  the  primary  septa  on  each  side.  An 
additional  pair  of  quinary  septa  is  just  commencing  to  grow  in  each 
system,  and  branching  off  from  the  peripheral  ends  of  the  quatemaiy 
septa  which  are  next  the  secondary,  but  on  that  side  of  them  which  is 
nearest  the  primary,  i.  e,  opposite  to  the  secondary.  A  very  short 
branch  of  the  costa  belonging  to  the  interspace  between  the  quatemaiy 
and  secondary  septa  passes  into  each  interspace  formed  between  tibese 
newly  grown  quinary  septa  and  the  quaternary  adjoining. 
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Dimensions :  of  an  adult  specimen— -extreme  diameter  1*7  centim.,  ex- 
treme height  from  the  summit  of  the  columella  to  the  centre  of  the  hase 
7  millims. ;  of  the  young  specimen-— extreme  diameter  6  millims.,  height 
3*5  millims.  Three  adult  dead  specimens  and  one  living  young  one  were 
obtained. 

In  the  development  of  a  flower-like  series  of  oval  chambers  around  the 
elongate  columella,  this  coral  most  strikingly  resembles  Stq>hanophyllia 
Jlorealis  of  Quenstedt,  which  is  a  fossil  of  the  "  White  Jura"  (=Ojiord 
Gbiy)  formation.  The  oval  chambers  here  in  the  first  series  around 
the  columella  are  twelve  in  number,  and  alternate  with  twelve  in  the 
second  series.  In  8.  compliceUa,  six  alternate  with  six.  In  8.  Jlorealis 
there  appears  to  be  no  trace  of  the  bisection  of  these  chambers  by  the 
straight  primary  and  secondary  septa  aain  8.  eomplicata ;  but  the  fossil 
specimens  are,  according  to  Quenstedt,  always  so  much  mutilated  that 
their  structure  can  only  partially  be  made  out.  Possibly  the  twelve 
chambers  of  8.  Jlorealis  may  represent  the  twelve  of  8,  eomplicata,  formed 
by  the  bisection  of  the  six  inner  by  the  primary  septa,  which  might 
appear  as  figured  in  8,  Jlorealis  in  much-worn  specimens.  Comparison 
with  actual  specimens  will  determine  this  point.  In  8.  Jlorealis  forty- 
eight  septa  only  are  distinguishable;  but  it  is  highly  probable  that 
structures  so  slight  as  the  qidnary  septa  of  8,  eomplicata  might  be 
indistinguishable  in  a  mutilated  fossil.  The  coral  appears  to  fall  into 
that  division  of  the  Stephanophyllias  distinguished  by  Milne-Edwards 
as  having  the  secondary  septa  smaller  than  the  tertiary,  and  in  which 
the  tertiary  septa  fuse  together  in  front  of  the  secondary,  which  do  not 
reach  the  cenire.  The  coral,  in  fact,  resembles  8,  sueeica,  a  fossil  from 
Ignaberga,  Sweden ;  but  in  this  coral  the  columella  is  rudimentary.  On 
the  other  hand,  Quenstedt's  8.  Jlorealis  has  been  supposed  by  Milne- 
Edwards  to  be  Turbinolid,  and  aUied  to  the  genus  Tl^ecocyathus. 

8tephanophyUia  formosissima^  sp.  n. 
The  corallum  is  discoid,  with  the  base  flat  in  the  centre  and  slightly 
curved  towards  the  margin.  It  is  white  and  very  light  and  fragile,  much 
more  so  than  in  8.  eomplicata,  being  composed  of  a  fine  trabecular  net^ 
work,  through  which  the  light  penetrates  freely,  as  through  a  fine  sieve, 
when  the  coral  is  held  up  to  the  light.  The  base  is  composed  of  a  series 
of  fine,  radiating,  costal  rods  connected  by  transverse  trabecul®,  which 
have  a  general  concentric  disposition.  The  septa  are  composed,  like  the 
remainder  of  the  coralhmi,  of  fused  trabeculse;  but  these  are  stouter  than 
those  composing  the  base,  and  more  perfectly  fused,  so  as  to  form,  in 
most  regions,  continuous  plates  pierced  by  rounded  perforations.  There 
are  six  systems  of  septa  and  five  cycles.  The  upper  margins  of  the  septa 
rise  in  a  curve  from  points  distant  a  short  space  from  the  margin  of  the 
ealide,  and,  ascending  to  some  height  above  the  level  of  the  base,  sink 
down  again  internally  to  the  wide,  oval  fossa  occupied  by  the  columella. 

282 


562  Mr,  H.  N.  Moielcy  on  the  true 

The  primary  and  secondary  septa  are  straight.  Their  tipper  mai 
at  a  lower  level  than  thoae  of  the  remaining  septa,  and  nre  on 
slight] y  toothed.  The  primary  pepta  are  free  from  adherence*  THo 
margiuBof  the  tertiary,  quaternary,  and  quinary  septa  are  deeply  dentftt^ 
the  teeth  being  curved  towards  the  columella.  The  qtunarj%  quaternaiT, 
and  tertiary  septa  fuse  with  one  another  laterally  and  by  their  upper 
margins  at  succeeaive  distances  from  the  periphery  of  the  eoraHuii, 
forming  sU  deltoid  masses  of  septa.  The  tertiary  septa,  forming  tli& 
ddes  of  these  deltoid  masses,  are  bent  over,  sloping  away  from  the  pri* 
mary  septa,  so  that  at  the  apex  of  the  delta  the  upper  margins  of  these 
tertiary  septa  fuse  and  cover  over  the  inner  ends  of  the  aecondary  septii 
There  is  no  separation  of  the  sept*]  interspaces  into  chambers,  ftt  in  8. 
fiorealk^  by  development  of  sj-napticnlio ;  but  the  quaternary  and  quiiuUT 
aepta  are  more  or  less  bent  over  above,  so  as  to  fuse  along  part  of  thfiif 
upper  margins,  and  roof  in  the  spaces  betw^een  them.  The  septa  cor- 
respond to  the  interspaces  between  the  eostje.  The  columella  is  a  large, 
ovalf  spongy  mass  composed  of  fine  trabeculse.  ■■ 

MeusurcmtnU  of  thf  iargfst  upedmt^m  i  extreme  diameter  3'9  oentimi.?' 
extreme  height  1*1  centim.     Other  specimens  meiisnre  in  diameter  aboiit 
2^^  centims,  and  2  centimB. 

This  coral  was  obtained  near  the  K4  Islands  together  with  B,  tomjp^ 
taia^  and  also  found  living  with  E^ipUetella  aspeiyiUum  at  Cebu,  Philip- 
pines, in  95  fathoms.  Several  living  specimens  have  been  preserved  in 
spirit  for  future  examination  of  the  soft  parts.  In  the  living  animal  the 
disk  is  of  a  madder- red  colour,  much  darker  towards  the  margin  of  the 
calicle.  The  tentacles  are  simple  and  conical ;  the  inner  are  white  with 
dark  madder  tips,  and  the  outer  of  a  light  madder  colour  with  vivid 
emerald-green  radial  stripes  on  either  side  of  their  bases.  The  margin 
of  the  mouth  is  white.  The  corallum  is  conspicuously  white,  the  fleshy 
coloured  parts  of  the  coral  not  extending  to  the  very  edge  of  the  calicle. 
A  white  zone  thus  sets  off  the  dark-coloured  central  parts  of  the  coral. 

Fangia  symmetrica,  Pourt. 
This  species  of  Pourtales's  has  been  proved  by  our  dredgings  to  be  one 
of  the  most  constantly  recurring  deep-sea  animals  with  a  world-wide 
distribution.  As  will  be  seen  by  reference  to  the  list  of  localities,  it  has 
been  dredged  by  us  15  times.  It  occurs  in  the  North  and  South  Atlantic, 
near  the  ice-barrier  in  the  8.  Indian  Ocean,  off  the  West  Indies,  in  the 
North  and  South  Pacific  Oceans,  and  amongst  the  Moluccas.  It  has  » 
more  extended  range  in  depth  than  almost  any  other  animal,  having  been 
obtained  by  us  in  30  fathoms  off  Bermuda,  and  at  all  intermediate  depths 
down  to  2900  fathoms.  Specimens  from  2900  fathoms  were  obtained 
with  the  soft  parts  preserved,  and  specimens  from  2300  fathoms,  of  which 
30  or  more  were  obtained  at  one  haul,  were  full  of  ripe  ova.  Fvmgia 
symmetrica  is,  further,  the  only  coral  which  has  been  as  yet  obtained 
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from  a  greater  depth  than  1600  fathoms.  This  coral  occurs,  moreover, 
on  all  kinds  of  bottoms — on  Olohigerina-mxiA  in  the  Atlantic ;  amongst 
growing  branched  corals  {Madracis  aspervla)  ofE  Bermuda ;  on  a  siliceous 
bottom,  composed  almost  entirely  of  diatom-skeletons,  in  the  South 
Indian  Ocean ;  and  on  red  clay  with  manganese  nodules  in  the  N.  Pacific. 
It  further  sustains  a  range  of  temperature  of  1°  C.  to  2(f  C.  The 
specimens  from  great  depths  are  much  larger  than  those  from  shallow 
water,  and  are  very  delicate  and  fragile.  Pourtales's  largest  specimen 
measured  1  centim.  in  diameter.  We  have  obtained  specimens  measuring 
3  centims.  in  diameter ;  and  the  specimens  from  the  deep  Northern  Pacific 
average  2  centims.  in  diameter.  The  specimens  from  the  diatomaceous- 
mud  bottom  were,  though  large,  evidently  growing  under  unfavourable 
conditions  as  regards  the  formation  of  a  coraUum,  the  bottom  containing 
only  a  trace  of  lime ;  hence  their  corolla  were  so  fragile  that  they  broke 
at  the  slightest  touch.  From  an  examination  of  the  long  series  of 
specimens  of  this  coral  obtained  by  us,  there  seems  no  doubt  of  their 
belonging  to  one  species ;  and  certain  series  obtained  near  Bermuda  and 
the  West  Indies  are  undoubtedly  identical  with  F,  symmetrica  as  figured 
and  described  by  Pourtales.  The  larger  specimens,  however,  seem  to 
show  close  affinities  with  the  LophoserinoB,  Pourtales  speaks  of  the  near 
resemblance  of  Fi  symmetrica  to  Cycloseris  hexagonalis. 

Tuhipora  and  Madrepora  nasuta,  c.  f . 
Dead  fragments  of  these  corals  were  dredged  in  200  fathoms  off  Banda. 
They  are  instructive  as  showing  how  shore  forms  may  be  washed  down 
into  deep  water. 

Notes  on  a  few  Corals  obtained  from  a  less  depth  than  50  fathoms, 
Madracis  asperula. 
This  coral  was  originally  described  from  Madeira.  Pourtales  describes 
it  from  west  of  Portugal  in  36  fathoms,  and  from  St.  Nicholas  Channel 
in  Bahia  de  Cadiz  in  120  fathoms.  The  coral  occurs  in  great  quantities 
on  a  shoal  off  Bermuda,  known  as  the  South-west  Bank,  in  30  fathoms. 
Masses  of  it  came  up  in  the  dredge,  and  a  number  of  specimens  on 
fishing-lines.  The  coral  was  also  dredged  on  the  shores  of  St.  Vincent, 
Cape-Yerd  Islands,  and  at  Eemando  de  Noronha. 

Flabellum  variabile  of  Semper. 

In  dredging  in  the  Arafura  Sea  numerous  specimens  of  this  species 
(which,  according  to  Semper,  includes  F,  Stokesii,  F,  Owenii^  F.  acuU- 
atum,  and  F,  spinosum  of  M.-Edwards)  were  obtained.  The  series  shows 
all  stages  of  the  multiplication  of  this  coral  by  fission  as  described 
by  Semper  *.     Occurring  with  F.  variabile  were  found  Bhodopsammia 

*  QenentioDBwechBel  bei  Steinkorallen  von  C.  Semper.  Leipzig :  W.  Engelmanu, 
1«72-  ..  ...byG00g„ 


5^^^^^^^     Mr.  H.  N.  Moseley  on  ihe  i 

gocialU  aad  B^  jparalUht,  whieli  were  obtained  with  F.  vmrMiU  I7  ' 
gemper  in  his  dredgings  at  the  Philippine**  The  «>ral*£autyi  of  tins 
FhiiippiiieB  of  modf^rate  depths  eeems  thui  to  extend  aouthwardA  to  ih& 
Amf ura  Sea ;  and  this  is  borne  out  by  the  fact  that  in  deeper  wit« 
St&pIianophifUia  forniosissima  was  obtained  near  the  K6  lalaiids  and  tl$o 
off  Cebu,  Philippines-  ,f 

Ifditistrcea  mvfrnt^sa^ 
Off  Barra  Grande,  Brazil j  two  huge  masaea  of  tkifl  species  weft 
brought  up  by  the  trawl  from  30  fathoms.  The  masses^  which  were  of 
the  usual  eon  vox  form,  measured  nearly  two  feet  in  the  diameter  of  the 
flat  baiie.  The  corals  wen©  living*  They  were  bored  by  Lithodmi, 
w'hich,  however^  were  dead^  This  is  the  only  certain  evidence  obtained 
during  our  expedition  of  the  existence  of  mussive  rttf-fQrming  s^^td^  at 
so  great  a  depth  as  30  fathoms.  Maclrads  asparuh  mentioned  aboye  id 
hardly  a  reef-formiog  species ;  but  at  the  south-west  bank,  Bermudaj 
it  b  in  such  quantities  that  it  must  contribute  to  reef-formatioii  to  a 
considerable  extent* 

I 

k  General  B^mrkB  on  Desp-Sm  Corah.  ^ 

I  ButhipnHrical  DwrriAwi ion,— With  the  exception  of  a  Diphheita  fifpH 
V  funda^  a  dead  specimen  of  which  was  obtained  £rom  1050  fathoms  in  lat. 
2S°  24*  N-,  long.  79°  13'  W,,  none  of  the  deep-sea  corals  described  bj 
Count  Pourtales  *  are  from  a  greater  depth  than  600  fathoms ;  whilst 
only  two,  Cryptohelia  Piercii  and  Distichopora  mlcata,  were  obtained  from 
a  greater  depth  than  450  fathoms. 

In  the  dredgings  of  H.M.S.  *  Porcupine '  t  no  corals  were  obtained 
from  a  greater  depth  than  1095  fathoms,  from  which  depth  Desmophyllum 
crista-galli,  Caryophyllia  ahyssorum,  Solenosmilia  variabilis^  and  Bothy- 
cyathus  atlanticus  were  obtained  at  one  dredging.  From  depths  of  above 
500  fathoms  Caryophyllia  clavus,  C.  SeguenaxB^  C,  eylindraeea,  C.  In- 
sJcipi,  C.  Pourtalesi,  C.  vermiformis,  Sabinotrochua  apertus^  Bathyeyaihtu 
atlanticus,  Desmophyllum  crista-galli,  Flabellum  distinctum,  LophoheUa 
proliftra,  and  Fungia  symmetrica  only  were  obtained..  The  yacht 
'Noma'  dredged  off  the  coast  of  Spain  and  Portogal  DesmophyUum 
crista-galli  in  500  fathoms,  and  obtained  LophoJielia  prolifera  in  from 
400  to  600  fathoms  J. 

*  Uhistrated  Catalo^e  of  the  Muaeum  of  CompiratiTe  Anatomy  at  Hanrard  College. 
No.  IV.  Deep-Sea  Corals,  by  L.  F.  de  PourUles.     Cambridge,  Maas.,  1871. 

t  "  A  D&scription  of  the  Madreporaria  dredged  up  during  the  Expeditions  of  H.M^ 
'  Porcupine '  in  1869  and  1870/'  bj  Professor  P.  Martin  Duncan,  M.B.  Lond.,  FJLS^ 
F.G.S.,  Ac.  (Trans.  Zool.  800.  Lond.  toI.  viii.  pt.  5).  See  also  "On  the  Madreporaria 
dredged  up  in  the  Expedition  of  H.M.S.  '  Porcupine,' "  by  the  same  author,  Ppoc  R 
Soc.  1870,  vol.  xxiii.  p.  289;  Ann.  &  Mag.  Nat.  Hist.  1870,  vol.  v.  p.  286. 

}  "  Observations  on  the  Madreporaria  taken,  in  the  late  Expedition  of  the  Yacht 
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Hence  it  wQl  be  seen  that  great  additions  to  our  knowledge  concerning 
the  bathymetrical  range  of  corals  has  been  made  by  the  'Challenger' 
Expedition.  The  following  statements  combine  the  results  at  present 
attained : — 

Only  one  coral,  Fungia  tymmetriea,  has  as  jet  been  obtained  from  a 
greater  depth  than  1600  &thoms.  It  extends  its  range  from  30  to  2900 
&thom8. 

Onlj  three  corals,  Caryophyllia  formosa,  FldbtUum  apertum  (c.  f.),  and 
Cryptohelia  pudica  (c.f.),  have,  besides  Fungia  gymmetrica^  been  obtained 
at  as  great  a  depth  as  1500  fathoms. 

Prom  a  depth  of  1000  fathoms  species  of  the  genera  CaryophyUia^ 
BaihycyathuSj  DeUocyathus^  Ceratotrochus^  DesmophyllumyAmphiheliaf  and 
Solenosmilia  have,  in  addition,  been  dredged. 

T(tbU  shewing  the  genera  of  Corah  which  have  been  obtained  from  a  depth 
of  250  fathoms  and  upwards  by  : — ^A,  the  American  Coast  Survey  ; 
B,  I{Jd.S.  *  Porcupine/  C,  HJi.S.  *  Challenger/  with  their  Bathy- 
metrical Distribution. 
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•  Noma,'  off  the  Coaat  of  Spain  and  Portugal,"  by  W.  Saville  Kent,  Ann.  k  Mag.  Nat. 
Hist.  1870,  vol.  vi.  p.  460. 

*  JHplohelia  profunda  (Pourt.)  is  beliered  to  be  identical  with  Amphihelia  ratwa  by 
Prof.  VL  Duncan. 
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r.  IL  N,  Moseley  on  the  irvi' 

Besides  Fant/ia  stfmitulrica^  the  geuera  Canfoph^llia^  Ftaitellum^  »ti4 
Cryp^^^l^  ttre  remarkable,  but  in  a  leas  degree,  for  theif  widy  b«itb- 
metrictil  range. 

Only  about  27  genera  of  corals  have  a«  yet  beea  proved  to  i?xi6»t  io  i 
depth  of  250  fathoms  and  upwards.  A  Est  of  these  genera  is  here  giteu 
(p.  565)j  compil€?d  from  the  reports  of  Count  Pourtales  and  Pr<>f .  Mflrtin 
PuBcan,  and  from  my  own  notes ^  The  various  depths  at  wkieh  the  gfcnem 
have  been  obtained  are  shovYu  in  columnSi  The  letter  A  represents  tktt 
the  coral  was  obtained  by  the  U-  S,  Coast  Surrey  at  the  stated  depth,  B 
that  it  was  dredged  by  H,M.S.  *  Porcupine/  C  by  H.M.S.  '  Challenger,' 
In  the  last  eolumn  S,  denotes  that  the  genua  occurs  in  Secondary  iormi- 
tions,  T.  in  Tertiary  beds, 

NOmy  raph  ka  I  Dutr  ih  u  iion « 
The  extraordinarily  wide  distribution  of  FufUfiti  xtfmmetriea  has  alresdy 
been  referred  to.  V/ypttJielia  pudica  occursi  off  the  Canarv  IstandSf  oS 
the  ^Vest  Indies,  off  Babla,  in  the  Houth-west  Pacific,  and  off  the  cowt 
of  Japao«  Flahtllnm  aprHiim  occurs  off  the  coast  of  Portugal  and  ofl 
the  Marion  Islands  in  the  South^Indian  Ot^ean,  In  this  respect  dt^p- 
bea  corals  agree  with  almost  all  other  deep-sea  animals — ^tho  same  fonaa 
<?f  starfish,  sponges,  crustac^,  Ac.  having  turned  up  in  the  dnnlge  a<m 
and  over  again  in  all  parts  of  the  world  from  deep  water  with  tadiQui 
r**it<«i*aiiou^  8ome  deep-sea  corals,  however,  appear,  as  fur  as  our 
present  knowledge  goes,  to  be  remarkably  limited  in  distribution,  and 
some  groups  to  be  specially  developed  in  particular  places.  It  is  remark- 
able that  Pourtales  does  not  record  the  occurrence  of  a  single  Flahellum 
amongst  the  corals  obtained  by  the  U.  S.  Survey.  No  Flahellum  was 
obtained  in  the  corresponding  region  by  the  *  Challenger.'  One  appa- 
rently abnormal  specimen,  here  described  as  FUtbellum  angulare,  was 
obtained  not  far  from  Halifax,  Nova  Scotia,  but  none  in  the  West-Indian 
region.  Various  species  of  Flahellum  have  been  dredged  by  the  *  Chal- 
lenger '  in  deep  water  in  all  parts  of  the  world,  and  two  species  were 
obtained  by  the  'Porcupine.'  It  is  further  singular  that  only  one 
Stylasteracean  was  obtained,  and  at  only  one  dredging,  by  the  '  Porcu- 
pine.' Pourtales  describes  seven  genera  of  this  group  and  eleven  species 
obtained  from  deep  water,  most  of  them  from  270  fathoms,  off  Cuba, 
where  this  group  seems  to  be  especially  developed.  We  have  dredged 
specimens  of  the  group  at  least  eight  times.  A  considerable  number, 
however,  of  the  species  of  deep-sea  corals  dredged  by  us  have  been 
obtained  very  seldom  indeed  and  in  few  specimens,  in  several  cases  only 
one  specimen  having  been  obtained.  Thus  of  Trochocyaihm  coronatus 
Pourtales  received  only  one  mutilated  specimen  from  off  the  coast  of 
Florida,  whilst  we  dredged  five  specimens  on  one  occasion  only  off  St. 
Thomas.  Of  Ceratotrochus  diadema  two  specimens  only  have  been 
dredged  at  two  localities  in  the  Atlantic.     Ceratotrochus  platt/fpusy  C.  di*- 
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eoides,  and  C.  nobilis  have  been  dredged  but  once,  two  specimens  of  the 
first  of  the  three  having  been  obtained,  and  only  a  single  one  of  each  of 
the  others.  Ceratotrochua  platypus  was  obtained  off  the  coast  of  New 
South  Wales ;  the  other  three  species  of  Ceratotrochus  in  the  Atlantic. 
These  Ceratotroehi  appear  not  to  occur  in  the  Pacific,  nor  in  the  seas  of 
the  East-Indian  archipelago  and  Philippines.  In  the  deep  waters  about 
the  Philippines  and  near  the  K^  Islands  their  place  seems  to  be  taken  by 
the  Stephanopkyllias  and  Platytrochus  rubeseens  and  Deltocyaihus  mag- 
nifictts. 

Families  and  Genera  of  Corals  occurring  hi  the  Deep  Sea, 
The  following  is  a  list  of  the  genera  of  corals  as  yet  obtained  from  the 
deep  sea  from  depths  of  50  fathoms  and  upwards,  compiled  from  Count 
Pourtales's  and  Professor  Martin  Duncan's  works,  and  from  the  prelimi- 
nary determinations  of  our  own  series  made  by  myself,  which  will,  how- 
ever, I  expect,  need  some  modifications  hereafter,  but  not  such  as  very 
materially  to  alter  the  results. 

List  of  Genera  of  Corals  obtained  by  the  U.  S,  Coast  Survey,  H.M.S.  *  Por- 
cupine,* and  H.M.S.  *  Challenger,'  in  depths  of  60  fathoms  and 
upwards. 


TURBIKOLIDA. 

Caryophjllia.     S.  T. 
Coenocjathus.    S. 
Acanthocyathus.    T. 
BathycyathuB.    S. 
Stenocyathus  {Fourt). 
TrochocyathuB.    S.  T. 
Thecooyathus.    S. 
Leptocyathos. 
Faraoyatbus. 
Deltocyaihus.    T. 
Sphenotrochus.    T. 
Platytrochus.    T. 
Ceratotrochus.    T. 
Sabinotrochus  {Duncan), 
Desmophyllum.    T. 
Flabellum.    T. 
Bhizotroohus. 

OCULINIDA. 

Oculina.    T. 
Cyathohelia. 
Lophohelia.    T. 
Amphihelia.    S.  T. 

Sttlopiiouda  (Pourt.). 
Madraeis. 


ASTRJEIDA. 

Parasmilia.    S. 
Coslosinilia.    S. 
Solenosmilia  {Dimetm). 
Astneaoeee  (genus  of). 
Cladocora. 

Sttlastkrida  (Gray). 
Stylaster. 
Allopora. 
Cryptohelia. 
DisUchopora. 
Errina. 
Lepidopora  {Fowrt.). 

EUPSAIUIIDA. 

Bahmophyllia.    T. 
Stephanophyllia.    S.T. 
ThecopNtmmia  {Powrt.). 
Dendrophyllia.    T. 

FUNGIDA. 

Fungia. 
Diaseris. 

MiLLBPORIDA. 

Fliobothrus. 

BUGOSA. 

Haplopbyllia. 
Guynia. 


iV^y^.^S.  after  the  name  denotes  that  the  genus  occurs  in  Secondary  formations, 
T.  in  Tertiary  formations. 
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From*  the  foregoing  list  it  will  be  seen  that  17  getiera  out  of  4!^ 
obtaiuiad  hitherto  in  depth B  of  oO  fathoms  aod  upwardi  belong  to  the 
Tarbinolid£& ;  and  ^,  following  PourtaleSj  we  placed  with  the  Tnrbinolidp 
the  genera  Para&milia^  Ccelotmilia^  and  SoUiwfmUia^  there  would  be 
twenty  genera  o£  Turbtnohd®,  The  family  next  mo&t  abundant  in 
genem  is  that  of  the  StylasteridfB,  whLeh  has  eix  genera  in  the  lilt 
Further,  twenty-dx  of  the  genera  in  the  list  are  those  of  Fimple  c^inJii 
and  only  sixteen  genera  of  compound  forms.  The  excess  of  the  geneii 
of  the  Turbinolidie  is  what  might  be  e^xpected,  since  tHs  is  the  family 
which  contains  most  extratropical  ahaUo we r- water  forms,  aod  vthliAk 
may  thus  be  supposed  to  be  best  suited  to  low  temperatares  at  considir* 
able  depths-  With  regard  to  the  genera  aod  sijeciea  proctw^  by  the 
*  Challenger/  it  will  be  remarked  that  the  genera  CafwxyafAuji,  Aentith- 
ct^athj^,  Plaiijtrochus,  and  Csratotrochuit  amonpt  the  Tiirbinolidao  m^ 
new  additions  to  the  deep-sea  eoral-fauua.  The  four  species  doscrihed 
under  the  genus  CeralotrochtiB  may  give  rise  to  one  or  two  new  aUiad 
genera.  Amongst  the  OcuUmdae,  Ct/athohelia  is  new  to  the  deep  s^i* 
Amongst  the  Astrieida?  the  occurrence  of  a  genus  of  Astnpaee®  ftt  126 
fathoms  is  remarkable  and  quite  exceptionaL  The  coral  is  a  very  smdl 
and  dwarfed  form,  of  which  I  have  not.  determined  the  genua  ;  it  occunt 
also  iu  the  Arufura  Sea  in  49  ^thomd  in  company  with  Fl<iMlum  varvp' 
bile  and  JthochpAammia  paralhla  and  soctalis.  Amongst  the  Bupsam- 
midsp  the  genus  of  SteifhamfphifUla  is  a  near  ph^^nomeuonH^  and  th^  t\xo 
species  obtained  appear  to  be  of  great  interest,  and  likely  to  throw  much 
light  on  fossil  forms. 

On  the  occurrence  of  Fossil  forms  in  ike  Deep-Sea  Fauna, 
Of  the  forty-two  genera  on  the  list  just  given  twenty  occur  in  the 
fossil  state.  Eight  of  these  occur  in  Secondary  formations,  viz.  Caryo- 
phyllia,  Bathycyathus,  Trochocyathus,  Thecocyathus,  Amphiheliaj  Para- 
smilia,  CoelosmUia,  and  Stephanophyllia,  Of  these,  two  extend  into  the 
Jura  formations,  viz.  Trochocyaihus  and  Ccelosmilia ;  the  remainder  are  not 
known  from  earlier  deposits  than  the  chalk.  The  remaining  genera  of  the 
list  are  known  only  from  Tertiary  formations.  Of  these  twenty  genera, 
however,  thirteen  were  known  before  deep-sea  dredging  commenced,  to 
occur  both  in  the  recent  and  fossil  condition,  and  hence  they  must  occur 
in  not  very  deep  water,  whilst  some  of  them,  as  CaryophyUia  and  Flo- 
hellunij  occur  in  very  moderate  depths.  Seven  of  the  fossil  genera,  \iz. 
Trochocyaihus  *,  Thecocyathits,  Deltocyathus,  Platytrochus,  CeratotrochuSi 
Parasmilia,  and  Stephanophyllia,  have  been  added  to  the  list  of  fossil 
genera,  which  have  survived  to  the  present  epoch,  by  deep-sea  dredging. 
Of  the  twenty  fossil  genera  above  referred  to,  thirteen  only  occur  at  so 
great  a  depth  as  250  fathoms,  eight  are  found  at  500  fathoms,  seven  at 

*  TroehocyaikM  philippetms  (Semper),  however,  oocun  at  the  Philippiiiet  in  from 
15-30  fathoms. 
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1000  fathoms.  Some  of  the  most  interestiiig  forms,  such  as  Stephano- 
jphyllia,  occur  at  small  depths  (120  and  92  fathoms);  whjlBt  If aplophyllia 
and  Quynia^  believed  by  Pourtales  and  Duncan  to  belong  to  the  Bugosa, 
are  from  324  fathoms  and  92  fathoms  respectiyely.  The  most  widely 
distributed  and  most  abundant  deep-sea  coral,  which  extends  to  nearly 
twice  the  depth  to  which  any  other  coral  attains,  yiz.  Fungia  aymmetrica, 
belongs  to  a  genus  which  is  not  known  to  occur  in  the  fossil  state  *. 
The  whole  family  of  the  Stylasterid»,  of  which  six  genera  occur  in  the 
deep  water  (one  of  them,  Crypiohelia,  being  one  of  the  only  four  genera 
which  extend  to  a  depth  of  1500  fathoms,  and  the  only  compound  coral 
amongst  these),  is  recent  only. 

No  coral  in  any  way  allied  to  the  Bugosa  has  been  dredged  by  the 
•  Challenger.' 

IV.  Preliminary  Report  to  Professor  Wyvillb  Thomson^  F.R.S., 
Director  of  the  Civilian  Scientific  Staff,  on  Observations 
made  during  the  earlier  part  of  the  Voyage  of  H.M.S. 
'  Challenger.'  By  the  late  Dr.  Rudolf  von  Willbmobs-Suhm, 
Naturalist  to  the  Expedition.  (Published  by  permission  of 
the  Lords  of  the  Admiralty.)  Received  February  14,  1876. 
Read  March  16. 

On  our  way  from  Eugland  to  Lisbon  we  had  continually  very  bad 
weather,  and  could  hardly  do  any  thing  but  put  books  and  instruments 
into  their  proper  places.  In  Lisbon  we  paid  frequent  visits  to  the 
Museum,  the  &una  of  Setubai  (near  the  capital)  being  particularly 
interesting,  as  it  is  one  of  the  few  places  in  which  deep-sea  animals 
go  up  into  shallower  water  and  are  accessible  to  fishermen.  Professor 
Barboza  showed  us  the  Hydlonema  which  had  been  got  there,  and 
pointed  especially  to  the  sharks  and  ChimaBrid®  which  have  been  dis- 
covered near  Lisbon.  On  our  way  to  Gibraltar  we  had  some  dredgings, 
but  were  in  the  lattef  place  more  busy  at  getting  up  the  catalogue  of 
books  and  instruments,  which  since  that  time  has  been  printed  by  order 
of  the  Admiralty.  We  also  visited  nearly  daily  the  Gibraltar  market, 
without,  however,  finding  any  thing  that  was  particularly  interesting. 

Only  when  we  left  this  port  we  got  into  proper  working  order ;  and  I 
began  to  examine  more  especially  the  worms  which  were  brought  up,  a 
class  to  which  I  had  paid  much  attention  before  joining  this  expedition, 
more  especially  the  Annelids  and  Gephyreans.  I  made  sketches  of  the 
former,  and  was,  however,  very  much  astonished  to  find  that  they  all 
agreed  very  much  with  the  genera  of  shallower  water — a  fact  which 
has  since  been  corroborated  by  Professor  Ehlers's  interesting  paper  on 

*  Future  oompari§on  of  spedmens  may,  however,  show  a  relation  between  aome  of 
the  yarieiiee  of  tlie  Hpeoies  here  called  F,  ^mmetrica  and  some  Lophoeerina. 
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the  AuueUds  collect'ed  iii  H.M.S.  '  Portupme*  and  *  Ligtituing;  as  well 
as  by  our  own  expcrbucc  durbg  oor  stay  hx  tlie  *  Cballenger/  Tbougli 
1  ofttjr wards  did  not  exanune  them  with  ao  mueb  care  as  at  the  begianing, 
I  neierthelesa  have  continued  daring  the  whole  time  to  collect  th*jm  m 
well  as  possible,  and  to  examine  those  which  wanted  to  be  drawn  wht?n 
alive  or  which  seamed  to  be  particularly  interesting.  To  the  latter  forms  I 
shall  refer  in  the  course  of  this  report, 
wM  Of  the  Gephyrcails  I  have  worked  ont  immediately  all  those  forins  whidi 
^pere  not  quita  common  Sipunculids,  and  shall  gi\e  a  short  a4x?ount  of 
them  bt?low. 

The  other  classes  of  worms  {BulamifjhH»\t$^  Nemerteans,  Pbltfyorditu, 
Nematodes,  &cO  hav^  been  met  with  rarely  in  deep  watePi  but  hare  ill 
the  more  been  taken  care  of, 

leaving  caught,  on  our  way  from  Gibraltar  to  Madeira,  a  large  female 
of  Vy^iimnui  Nfptunns,  and  been  able  to  w^ork  out  the  then  perf€*ctlj 
unknown  structure  of  both  sexes  of  this  interesting  Amphipod,  my  Mm- 
tion  wag  drawn  towards  the  Crustacea,  all  the  more  so  as  the  dredgingi 
from  deep  ^vater  brought  up  forms  which  proved  to  be  of  the  highest 
interest  and  peculiar  to  those  depths.  These  I  have,  as  far  as  they  niere 
anatomically  interesting,  worked  out  during  our  cruises  in  the  AUaotic 
aod  the  Antarctic,  w  hen  I  found  that  I  had  laid  a  good  foundation  to 
our  knowledge  of  the  deep-sea  Crustacea,  and  that  after  that  new  forms 
or  new^  and  peculiar  genera  (as  far  ns  their  anatomy  or  zoological  po^ifion 
goes)  rarely  turned  up.  These  researches,  as  far  as  the  Atlantic  Crustacea 
are  concerned,  have  been  presented  in  a  paper  to  the  Linnean  Sodety 
(Linn.  Trans.  2nd  ser.  Zool.  vol.  i.  pp.  23-59,  pis.  6-13). 

The  surface  Crustacea  had  of  course  during  that  time  also  attracted 
my  attention,  and  had  been  always  collected ;  but  only  in  the  Antarctic 
and  in  the  Pacific,  when  I  had  more  time  to  bestow  upon  them,  I  began 
systematically  to  work  out  the  development  or  the  anatomy  of  aU  thoee 
forms  which  seemed  to  me  especially  interesting. 

Many  draw^ings  and  notes  have  of  course  also  been  made  on  other  sur- 
face animals,  especially  Fteropods,  mollusks,  <&c. ;  and  they  have,  as  far 
as  I  was  able  to  determine  them,  been  put  down  in  the  "  surface-book" 
on  the  days  when  they  were  found. 

This  surface-book,  as  well  as  the  "  station-hook,^  have  been  during  the 
whole  time  under  my  charge,  as  I  also  had  to  bottle  and  label  the  Inver- 
tebrates which  were  brought  into  the  laboratory. 

Whenever  we  were  in  harbour,  and  the  place  was  little-  or  unknown, 
I  had  to  collect  the  Invertebrata,  especially  land-shells,  insects^  Crustacea, 
and  worms,  in  which  excursions  I  took  of  course  as  many  of  the  Reptilia 
or  other  Vertebrates  as  could  be  procured.  Shooting  birds  has  been  done 
by  me  in  some  places,  especially  in  the  South-Sea  Islands,  but  never  regu- 
larly, and  more  for  recreation  than  for  collecting  systematically. 

In  the  following  pages  I  shall  try  to  give  a  preliminary  account  of  tiie 
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more  interesting  animals  which  were  got  in  the  dredgings,  so  far  as  they 
fall  under  the  above-mentioned  categories,  then  say  something  on  the 
surface-animals,  and  finally  on  the  result  of  my  excursions  on  shore. 

The  Atlantic. 

Here  and  there  on  the  coasts  of  the  Atlantic  deep-sea  animals  have 
been  found  either  washed  on  shore  or  floating  dead  on  the  surface  of  the 
sea.  Certain  Crustacea  and  flsh  on  the  coasts  of  Madeira  and  the  Medi- 
terranean, Umbellularia  and  CirroteiUhis  in  the  high  north,  were  animals 
considered  very  rare,  and  about  the  habitat  of  which  nothing  certain  was 
known.  Much  of  this  uncertainty  has  been  cleared  up  by  the  three  suc- 
cessive English  dredging-expeditions  ;  and  I  shall  give  at  the  end  of  this 
report  a  short  statement  regarding  those  animals  known  before  deep-sea 
dredging  began  systematically.  There  is  in  the  Atlantic  only  one  place 
in  which  Hyalonema  had  been  of  late  years  regularly  found,  and  this  was 
considered  to  be  a  place,  like  Japan,  where  alone  this  sponge  genus  might 
be  procured.  Since  that  time  matters  have  greatly  changed,  especially 
as  &r  as  the  distribution  of  the  glassrope  sponges  goes ;  for  now  we 
know  that  genera  like  Hyalonema^  EupUctella^  AphrocallisteSy  Fm^rea,  Ac. 
are  the  most  characteristic  inhabitants  of  the  great  depths  all  over  the 
world,  and  with  them  ordinary  siliceous  sponges,  some  of  whick  rival  the 
Hyalospongi®  in  beauty. 

Umbellularia  was  found  three  times  in  the  Atlantic  after  the  Swedes 
had  rediscovered  this  genus,  which  nearly  a  century  ago  had  been  found 
by  a  whaler  on  the  coasts  of  Greenland.  Professor  Kolliker  has  already 
worked  out  this  species,  which  he  considers  to  be  different  from  ihe 
northern  one.  Alcyonaria  and  Antipatlus  have  also  been  constantly 
brought  up,  and  the  latter  is  especially  characteristic  of  great  depths. 

We  owe  to  American  expeditions  a  good  deal  of  what  was  kno^n 
about  the  bathymetrical  distribution  of  corals  and  of  Echinoderms  ;  but 
especially  the  latter  have  during  this  '  Challenger '  expedition  yielded  a 
very  large  variety  of  species,  the  greater  part  of  which  is  very  likely  new 
and  has  partly  been  described  already  by  Professor  Wyville  Thomson. 
I  have  been  greatly  interested  in  Crinoids  for  the  sake  of  their  parasites 
(Myzastomum),  most  of  which  were,  however,  got  only  in  the  Pacific ; 
and  I  shall  say  a  few  words  about  their  very  extraordinary  mode  of  living 
when  giving  an  account  of  the  worms  found  in  that  ocean. 

The  Platodes  are  a  group  which  has  been  rarely  met  with  ;  here  and 
there  of  course  Cestodes  or  Trematodes  in  young  or  old  stages  might  be 
found  inhabiting  the  invertebrates  and  afterwards  the  fish  ;  but  nothing 
has  come  to  my  knowledge  about  them,  as  the  latter  were  far  too  precious 
to  be  dissected  for  helminthological  purposes.  Nemerteans  do  go  down 
to  great  depths ;  but  they  were  rarely  got  here,  only  once  off  the  coast  of 
Brazil,  in  1200  fathoms;  and  the  worst  is  that  when  you  do  get  them 
they  are  generally  in  pieces,  either  by  friction  among  stones  and  mud  or 
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by  breaking  themaelveB  up  into  sniftU  pieces  lik©  certain  Synajnir.    Of 
Ehah(hc<rlu  and  Detidrocmla  1  never  saw  a  trace  ;  but  thej  anj  atiU  mape 
liable  to  bo  spoiled  or  overlooked  than  the  former. 
B  There  are»  1  think,  a  few  free  Xematodes ;  but  certainly  they  ai^  verj 
^ear*-^.     Of  great  int^R^'st  is,  however,  a  case  of  parasidsm,  which  rotj  hrs 
compared  to  the  attacks  which  on  shore  the  young  Gordii  make  m  am 
grasshopper 9,     I  found  once  in  a  shrimp  from  a  great  depth  a  wwin 
coiled  up  in  its  carapa^t,  and  afterward  *  the  flame  thing  when  on  otir  *aT 
to  Xew  Zealand  j  and  we  made  sure  that  the  worm  w  hich  w*as  contaiiW 
in  the  secoud  shrimp  was  a  young  Gordiacean.    During  our  Antarrtie 
cruise  we  have  a] so  got  two  free-living  Nematodes,  wliieh  we  8nspc»d  v*iy    lj 
much  to  bo  the  matuiie  animal;  anyhow  it  is  cjuite  certaiD  that  thriiop* 
in  great  depths  are  liable  to  be  attacked  by  considerably  large  Qordiaceou* 
worms,  I 

Of  Bryoaoa  there  Is  a  great  Tariety  in  nearly  all  depths  where  amm^9 
have  been  found  ;  but  only  one  of  them,  being  a  very  strik'iTig  form  wd  I 
differing  in  ita  features  from  the  hitherto  known  species,  has  attracted 
our  attention  and  been  described  by  Professor  Wyville  Thom^n  under 
the  name  of  Nare^ia  cifathus^  It  has  been  got  three  times,  in  350, 1525, 
and  1&50  fathoms,  near  the  coasts  of  Portugal,  as  well  as  off  I  hose  of 
BrazU.  fei  the  dredging*  near  the  latter  coast  the  fauna  of  Btjoxoa  wu 
especially  rich. 

Gei)h\  rtiins  were  ^ot  now  and  then,  especially  in  cases  where  a  grett 
deal  of  mud  had  been  brought  up.  Whether  their  first  order,  the  ch«ti- 
ferous  ones,  are  represented  in  our  collections  of  the  Atlantic  (we  consi- 
der, of  course,  Stemaspis  to  be  an  annelid)  is  uncertain,  as  I  find  men- 
tioned on  our  list  only  a  fragment,  which  might  be  ascribed  to  .ScAwrta, 
from  39  fathoms,  and  a  very  large  worm,  perhaps  allied  to  BoneUia^  with 
which  it  shares  the  presence  of  only  one  genital  pore,  but  which  has  lost 
the  anterior  portion  of  its  body.  The  consequence  is  that  we  are  miible 
to  find  out  whether  hooks  have  been  present  or  not ;  anyhow  this  speci- 
men, which  has  a  length  of  76  millims.,  and  which  came  np  ofE  Nora 
Scotia  from  1340  fathoms,  is  a  very  interesting  one. 

The  unarmed  Gephyreans  were  more  commonly  got.  Of  the  genus 
Priapulus  we  had  a  specimen  from  2750  fathoms  on  our  way  from  Ber- 
mudas to  the  Azores  ;  and  Chcetoderma  (Loven's  curious  little  worm  with 
calcareous  spines  in  its  skin)  was  found  twice  in  depths  of  390  and  1250 
fathoms.  I  was  rather  astonished  never  to  find  ffcdieryptus,  as  I  had 
expected  that  this  genus,  which  inhabits  the  Baltic  and  the  high  north, 
would  be  very  common  in  deep  water. 

A  curious  intermediate  form  between  Priapulids  and  Sipuncidids  came 
up  from  1945  fathoms  off  the  island  of  Ferro.  This  worm  has  no  ten- 
tacles and  no  proboscis  like  the  former,  but  has  at  the  same  time  the 
anus  in  the  anterior  part  of  its  body  (Sipunculids).  Its  pharynx  is  verf 
ahort,  and  is  attached  to  the  bod]f  by  four  retractores.    Its  inside  ahowt 
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six  to  seven  folds,  and  is  covered  with  papillsB,  which  towards  the  mouth 
change  into  chitinous  protuberances.  In  each  of  these  one  finds  some 
unicellular  glands,  granulated  cells  showing  a  nucleus  and  a  nucleolus. 
Unfortunately  the  posterior  portion  of  its  body  had  been  destroyed  before 
we  got  it. 

The  commonest  G^phyrean  genus  is  undoubtedly  SipuneuJus,  in  shallow 
water  as  well  as  in  deep  water ;  we  got  it  here  three  times,  in  depths 
from  350  to  2500  fathoms. 

We  have  been  particularly  looking  out  for  Phoronts,  but  have  never 
been  able  to  find  it,  and  feel  now  nearly  sure  that  it  does  not  inhabit,  as 
a  rule,  the  great  depths.  Stemaspis,  however,  has  been  got  in  1700 
fathoms  of  water,  and  besides  this  annelid  another  form  (600  fathoms  off 
Oomera),  which  has  an  intestine  coiled  up  like  that  of  a  G^ephyrean,  and 
only  three  pairs  of  setigerous  feet  in  the  posterior  portion  of  its  body. 
It  is  in  many  ways  peculiar ;  but  I  am  unable  as  yet  to  determine  its 
systematical  position  from  want  of  books  of  reference. 

Among  the  tube>building  annelids  the  Clymenidsd,  TerebellidsD,  and 
SerpuUdiB  are  characteristic  inhabitants  of  great  depths,  and  go,  like  that 
MyrioeheU,  sp.,  which  I  have  figured  (*  Nature,'  1873),  to  a  depth  of 
2900  fathoms.  We  missed  CfJuBtopterus,  Sipkonostomumj  and  Pectinaria^ 
which  for  various  reasons  we  had  expected  to  find  in  rather  deep  water. 
Of  free-living  annelids,  however,  there  is  a  large  amount,  AphroditidsB, 
Palmyridffi,  EunidnsB  (Onuphis  is  very  common),  and  Glyoeridffi  being 
the  families  chiefly  represented.  I  found  that  sometimes  genera  which 
have  got  eyes  in  shallow  water  are  represented  by  a  blind  species  in  deep 
water — an  observation  which,  I  think,  has  also  been  made  by  Professor 
Ehlers. 

Having  described  shortly  before  I  joined  this  expedition  a  northern 
form  of  Balanoglossus  (B.  Kupferi,  from  the  Oeresund  near  Copenhagen, 
14  fathoms),  I  was  of  course  greatly  interested  in  a  large  fragment  of 
this  peculiar  worm  which  came  up  near  the  west  coast  of  Africa  from 
2500  fathoms.  Unlike  its  northern  cousins,  this  species  has  very  bright 
colours,  its  head  being  yellow,  its  collar  bright  red,  and  its  body  yellowish 
red.  The  head  alone  has  a  width  of  18  and  a  height  of  11  milUms.  In 
deep  water  this  genus  was  seldom  again  obtained ;  and  I  may  therefore 
now  mention  that  in  most  tropical  places  in  the  Pacific  I  found  this 
genus  to^be  an  inhabitant  of  the  shallow  water,  as  I  constantly  found  the 
larva  known  under  the  name  of  Tomana,  and  sometimes  such  stages  of 
its  development  which  have  been  shown  by  Mecznikoff  and  A.  Agassiz  to 
belong  to  Baianoglossus, 

Parasitical  Ginipedia  are  by  no  means  rare  on  the  shallow-water 
shrimps,  and  are  found  as  well  among  those  coming  from  great  depths. 
We  have  noticed  a  PeUogaster  here  and  there,  but  feel  sure  that  a  careful 
examination  of  the  Macrurous  Decapods  will  show  many  more  cases. 

Both  groups  of  the  Cirripedia  Thoradoi  are  well  known  in  a  fossil  state ; 
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and  it  is  not  uninteresting  to  find  that  BaUmus,  a  tTUstacean  whict  m 
eminentlj  developed  in  the  Tertiary  formarton,  is  now  nrarir  entit^l? 
confined  t^j  filmllower  water,  bnt  that  tde  Lepadid  Saiipdlt4m^  wbii-h  i* 
mostly  fovind  in  the  CVetaceous  formation,  is  now-a-days  widely  ftpread 
in  the  greater  depths*  Indeed  it  b&a  been  the  only  Cirri  ped  inhjch  m 
have  often  met  in  depths  from  925  to  2850  fathoms,  and  was  got  in  tlw 
Atlantic  six  times,  one  of  them  having  been  dei^cribed  by  Frofesaor  Wyvilk 
Thomson  nnder  the  name  of  Svalpdlnm  rtpttm  ('Kature/  1873)- 

Of  free-living  Copepods  there  are  none  on  our  list,  nor  do  I  tluak 
that  any  are  living  below  the  range  of  the  so-called  fmrfaee-animals :  Nit 
their  parasitic  al  relations  are  found  as  well  on  the  deep-se*  fiah»^  m  cm 
those  from  shallower  water — as,  for  example,  on  a  Lophloid  alJi*^  W 
Ctratias^  which  came  up  from  a  depth  of  2400  fathoms,  and  is  sure,  from 
the  mode  of  living  peculiar  to  that  group  of  fish,  to  have  c^me  from  the 
bottom, 

There  are  no  Ost  raeoda  to  be  mentioned  here ;  and  of  Amphipodatwhkht 
however,  are  by  no  mraus  wanting  in  deep  water)  only  one  Kperimeji  ol 
Kimrttj  c^inpirlaUts  has  been  put  down  by  me;  but  perhaps  some  roflW 
might  be  found  amonj;  the  sift  in  gs. 

Very  peculiar  are  tht>  de«?p-sea  Isopods ;  for  besides  the  ordinary  jtitin- 
rwj»-forro  w  hich  we  got  from  450  fathoms,  there  is  a  xtry  peculiar  tamS^ 
of  which  Bars  has  describe)]  five  genera  from  the  Norwegian  f^iaistt  ili  ^ 
whiih  nre  blind.  The  body  is  divicle<l  into  two  portions  ;  \}\e  anterior onf, 
consisting  of  a  head  with  four  segments  of  the  pereion,  is  short,  and  the 
posterior,  consisting  of  the  three  remaining  pereion-segments,  rather 
long.  The  first  pair  of  legs  is  short  and  prehensile ;  but  the  three  follow- 
ing pairs  have  an  extraordinary  length,  and  are  very  thin  and  slender, 
and  the  last  three  pairs  are  terminated  by  paddle-shaped  joints  and  act 
as  natatory  organs.  Very  peculiar  is  also  their  abdomen,  which  consist* 
of  only  one  segment,  on  the  end  of  which  we  find  two  small  setigeroos 
papilliB.  Of  these  MunopsidaB,  the  legs  of  which  break  unfortunately 
very  easily,  we  got  a  large  and  very  soft  species  from  2175  fathoms  on 
our  passage  from  Bermudas  to  the  Azores,  and  another  spiny  species 
not  far  from  there  from  1675  fathoms. 

When  dredging  off  the  coast  of  Brazil  near  Pemambuco  we  fell  in  for 
the  first  time  with  an  Isopod,  which,  from  a  superficial  resemblance  with 
the  fossil  Trilobites,  has  enjoyed  for  some  time  a  certain  notoriety ;  I  mein 
Serolis,  the  flat  crustacean  which  has  long  been  known  as  inhabiting  the 
southern  coast  of  America.  We  never  found  it  again  in  the  tropics, 
neither  in  deep  nor  in  shallower  water,  but  shall  have  to  mention  it  fre- 
quently among  the  Crustacea  of  the  Antarctic. 

A  blind  Tanais  was  brought  up  from  1400  fathoms. 
Cuma,  which,  according  to  Clans,  has  its  nearest  relations  among  the 
Isopods,  is  not  common  in  deep  water,  and  was  found  only  once  in  1000 
fathoms  near  San  Miguel,  Azores. 
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Stomatopoda  are  entirely  confined  to  the  shallower  water  of  the  tropical 
and  temperate  regions.  We  never  met  with  one  &r  awaj  from  the  land, 
though  their  joung  stages  are  widely  spread  all  over  the  surface  of  warmer 
seas. 

The  most  interesting  Crustacea  which  have  been  got  are  undoubtedly 
the  Schizopods,  several  new  genera  of  which  were  brought  up,  which  are 
both  interesting  for  anatomical  and  physiological  reasons.  These  have 
been  partly  figured  in  *  Nature*  {Qnathophausiay  'Nature/  1873),  and 
afterwards  fully  described  by  me  in  a  paper  *'  On  some  Atlantic  Crus- 
tacea,^ which  has  been  or  will  be  published  by  the  Linnean  Society.  Here 
only  a  few  words  about  them. 

The  normal  Schizopods,  as  is  well  known,  have  their  carapax  fixed  to 
the  pereion,  with  the  exception  of  the  aberrant  genus  Nebalia,  in  which 
the  latter  is  unattached,  and  resembles  a  shell  enclosing  the  anterior  por^ 
tion  of  the  body.  Our  deep-sea  genera,  however,  have  (at  least  most  of 
them)  a  carapax  which  is  neither  the  one  nor  the  other,  but  resembles 
very  much  the  shield-like  carapax  of  the  Phyllopod  genus  Apus.  In 
other  respects  they  are,  however,  nearly  allied  to  the  established  families, 
though  some  of  them  have  characters  which  are  peculiar  to  several  of  the 
shallow-water  forms,  but  have  as  yet  not  been  found  united  in  one  genus. 
Moreover  some  of  these  abyssal  Crustacea  are  blind,  or  show  peculiar 
modifications  of  the  organs  of  sight,  as  well  as  of  the  chitinous  outer  parts, 
which  have  lost  the  optical  apparatus. 

Petalaphthdlfnus  tnermis  is  the  name  which  I  have  given  to  the  most 
remarkable  of  these  Schizopods,  as  in  it  the  optical  apparatus  of  t}ie  eye 
is  entirely  wanting,  while  its  chitinous  parts  have  remained  in  the  shape 
of  a  concave  plate-like  organ  supported  by  a  peduncle.  This  plate  shows 
neither  a  trace  of  the  organs  of  vision  nor  any  appendages ;  it  consists  of 
a  double  chitinous  layer,  and  nothing  is  to  be  seen  in  it  but  the  fluid  of 
the  body  and  the  attachment  of  the  muscles,  which  are  to  be  found  in  all 
stalked-eyed  Crustacea.  Its  appendages  show  this  form  to  belong  to  the 
&mily  MysidsB,  there  being  six  legs  (second  gnathopod  and  the  five  pereio- 
pods),  no  branchiffi,  large  breeding-lamellsB  in  the  female,  and  only  rudi- 
mentary pleopods  in  the  male.  The  carapax,  as  we  have  said  above,  leaves 
in  both  sexes  five  segments  entirely  uncovered. 

But  besides  the  looseness  of  the  carapax  there  are  peculiarities  in  the 
male  of  this  Schizopod  which  have  been  found  nowhere  else ;  for  its  first 
antennsB,  the  palpus  mandibularis,  the  maxilliped,  and  the  first  gnathopod 
have  been  converted  into  enormous  prehensile  organs,  and  the  latter  shows 
a  large  lamellar  appendage  like  the  maxilliped  in  the  female.  These 
elongated  appendages  have  in  the  male  six  times  the  length  which  they 
have  in  the  female. 

This  is  the  only  Mysid  which  was  got  from  great  depths  (1900  and 
2500  fathoms).  The  next  family,  the  Euphausiid»,  was  represented  by  a 
very  large  species,  red  and  opaque,  which  came  up  in  the  South  Atlantic 
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trom  fl  depth  of  1900  fathojus*  It  it  in  so  far  remarkAltlt^  m  li  %m  m 
tin?  Atlantic  the  only  Schitopod  in  which  the  earapax  k  ftttAcbi>d  to  tlii 
post-erior  segments  of  the  pereioo* 

The  most  characteristic  Sehixopods  in  great  depths  belong  to  tht»  lA>pl]0* 
gaatridaDj  from  which  they  differ,  however  (like  Pctah)phihalm^tii  from  Ui# 
ehallow -water  Mysidse),  hy  the  IcNJsenesa  of  the  shield,  and  hy  a  paif  flE 
lateral  eyes*  which  hitherto  were  only  koowii  among  the  Euphaaiiid*- 
Theee  lateral  eyes,  however,  in  Gnatht>2>h(imi*j  nev«r  rxct'wl  two  in 
number,  and  are  invariably  fixed  on  the  outer  margin  of  the  $eemi 
maadlla*  The  carapace  here  is  bent  backwards,  and  thus  leaves  a  piwet 
open,  which  enables  these  sense-organs  to  perform  their  dwty. 

In  all  other  respects  these  Schi^opods  are  true  Lophogastrids,  some 
of  them,  however,  exceeding  very  much  in  siEc  the  small  shallaw^wnter 
species  (L,  Ujpkm)  which  Sars  has  described  from  the  Kor<a*C!giaa  oottft. 
There  are  three  species  i — I.  Gtmthf^Jm^a  gigds^  length  142  m01iin«^ 
found  only  once  in  the  Atlantic  from  a  depth  of  2200  f athomi^  near  tlia 
ARores,  It  is  not  impossible  thnt  this  is  the  animal  which  Bohm  ha* 
got  in  a  very  badly  preserved  state  from  the  coaat  of  Africa  (without  any 
Appendages,  and  e\idently  somewhat  crushed),  and  described  under  tlio 
name  of  LopJwgaiUr  ingfni.  He  does  not,  however,  mention  the  ey^s 
on  the  second  maxiUa,  and  says  that  the  carapax  was  fostened  to  tUfl 
pereion  ;  and  for  this  reason  I  have  to  wait  until  I  can  myself  compaiv 
the  specinien  in  the  Uamburg  Museum  with  those  caugbf  ^_  i  ■  Piis 
would  of  course  in  no  way  affect  the  validity  of  the  characters  npon  which 
the  genus  ChxathophauBia  has  been  established,  but  induce  one  to  put  the 
specific  name  of  On,  ingms^  Dohm,  instead  of  On,  gigasj  mihi.  2.  On.  toea, 
a  smaller  form,  length  60'>80  millims.  This  species  is  the  commonest  Schi- 
zopod,  as  we  got  it  ^re  times  from  1000-2550  fathoms.  Many  males 
and  females  have  been  caught,  and  its  anatomy  has  been  thoroughly 
worked  out.  3.  On.  gracilis^  a  still  smaller  spiny  species,  of  which  only 
one  specimen  was  got  from  1500  fathoms,  not  far  from  the  rocks  of  St 
Paul. 

A  third  genus  in  which  the  carapax  is  not  attached  is  ChalaraspU,  which 
has  got  very  long  walking-legs  with  large  claws  to  them  (C^.  unguiffr\ 
and  is  most  nearly  allied  to  the  LophogastridsB,  though  it  may  peihaps 
be  necessary  to  establish  for  it  a  new  family.  Its  organs  of  vision  iMsx 
nothing  particular.  I  must  refer  about  further  details  to  my  abore- 
mentioned  paper,  and  can  here  only  state  that  it  was  got  four  times,  in 
depths  of  360,  675, 1860,  and  1900  fathoms,  in  the  Middle  and  Southern 
Atlantic. 

Decapoda  Macrura  were  very  common :  nearly  every  haul  brought  np 
Peneids  and  Caridids,  sometimes  of  large  size  and  having  often  a  veiy 
peculiar  look ;  but  I  do  not  think  that  any  thing  very  interesting,  ex- 
cept a  series  of  new  forms  with  a  more  or  less  spiny  carapax  and  longer 
or  shorter  legs  than  usual,  will  be  found  Among  theln. 
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In  a  very  suooeesful  dredging  in  460  fiithoms  off  St.  Thomas  we  got 
an  Astacidy  which  I  have  described  and  figured  under  the  name  of  A* 
zdleucuSj  as  it  is  totally  without  eyes  or  eyen  a  trace  of  eyenstalks,  and 
is  distinguished  by  an  enormous  deTelq>ment  of  the  right  daw.  The 
animal  has  neyer  been  got  since,  but  may  perhaps,  when  a  female  shall 
have  been  found,  form  the  type  of  a  new  genus«  In  the  mean  time  I 
haye  called  it  AMtaeu$,  as  it  seemed  to  be  nearer  to  the  crayfish  than  to 
Nephropty  to  which  it  would  be  oonyenient  in  so  far  to  put  it,  as  this 
genus  contains  only  salt-water  forms.  This  is  a  question  which  has  to 
be  decided  by  those  who,  after  us,  will  be  fortunate  enough  to  dredge  up 
some  more  specimens  of  it. 

Another  Decapod,  of  which  two  species  were  got  in  the  Atlantic,  is 
Willemdestay  a  genus  established  by  Grote,  and  first  described  by  us  undei* 
the  name  of  Deidamia,  I  haye  shown  in  my  paper  that  these  crayfishes 
are  so  nearly  allied  to  the  fossil  Eryonidie  (from  the  Solenhofener 
Schiefer),  that  it  becomes  doubtful  whether  a  new  genus  is  to  be  esta- 
blished for  them  at  all.  If,  as  lately  has  been  maintained  by  Mr.  Wood^ 
Mason,  these  Crustacea  haye  already  been  described  by  Heller  under  tiie 
name  of  PolycheUs,  from  a  specimen  which  was  got  in  the  Mediterranean 
near  the  coasts  of  Sicily,  this  will  of  course  be  the  name  to  be  adopted. 
I  am  unable  for  the  present  to  compare  Heller^s  figure  with  our  speci- 
mens, and  shall  have  to  reconsider  the  question  when  working  out  the 
Crustacea  of  this  expedition.  There  are  some  points  in  Heller's  descrip- 
tion which  still  make  me  doubtful  about  it ;  and  in  order  not  to  confuse 
the  matter  more,  we  shall  call  these  Crustacea  WUlemdesia  until  we  re- 
turn to  Europe.  Anyhow,  it  is  yery  interesting  thai  e<m8in$  of  thefamaui 
JuroBsk  Eryonidai  are  ttill  living  in  the  great  depths^  whtrt  they  are  (in 
the  Pacific  at  least)  by  no  means  rare* 

The  two  species  found  in  the  Atlantic  are  both  blind :  one  of  them, 
WUUm&eeia  leptodaetylaj  has  been  only  found  in  yery  great  depths ;  the 
other  one,  W.  erucifery  was  brought  up  off  St.  Thomas  (W.  I.)  from  & 
depth  of  450  fathoms.  We  shall  below  haye  to  mention  a  third  species, 
which  we  haye  yery  often  got  in  the  tropical  parts  of  the  Pacific. 

Of  Palinurids  we  got  here  only  one  form,  a  small  species  with  eyes 
partly  hidden  under  the  rostrum,  which  I  shall  only  describe  after  our 
return,  as  it  might  possibly  be  known  already. 

The  anomurous  Crustacea  Pagurue  and  Odlathea  are  yery  common  in 
deep  water,  especially  the  former,  which  yery  often  carries  about  a  large 
Palythoa,  which  itself  has  nearly  absorbed  the  calcareous  substance  of  the 
shell  on  and  in  which  both  animals  originally  settled*  The  Oalathea  has 
been  got  with  and  without  eggs ;  and  it  appears  that  one  whitish  spedes, 
which  inhabits  the  great  depths,  is  to  be  found  in  all  the  seas. 

Brachyura  were  yery  rarely  brought  up;  we  had  once,  from  600 
fathoms,  a  yery  large  red  crab,  and  from  1675  fathoms  a  blind  spiny 
larya  of  a  crab,  which  was  in  the  Jif<^aZ(>pa-8tage,  and  is  all  the  more 
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mtereating  as  youag  stages  of  deep-sea  aoiuials  do  not  often  octnir,  owing 
to  their  small  siite,  by  which  they  escape  through  the  net  or  arts  hapdes^lif 
lost  in  the  mud. 

We  got  once  a  Lupm  and  a  Gis4:^rcinm  on  the  cooat  of  Bradl  from  i 
depth  of  350  fathoma;  but  these  can  scarcely  be  eonaidered  deep-sM 
animals.  It  is,  however,  remarkaljle  to  iind  that  G&e€ircinf4s^  a  genus 
which  livef  In  holes  on  shore,  should  ever  go  for  breeding^purposei  t<j 
auch  a  considerable  depth  as  that,  unless  we  here  have  a  species  before 
ns  w^hich  ha^  taken  to  sea-life^ — a  return  to  old  habits  which  is  n^tli«r 
known  among  the  Xelphusidse  nor  the  Gecartinidaj,  but  which,  of  courser 
is  not  altogether  out  of  question, 

Naturalists  who  have  dredged  much  in  shallow  water  are  accastoa3<?d 
to  consider  Npnphon  aa  a  form  which  Uvea  above  the  bottom,  climbing 
up  into  the  Facus  and  never  burrowing  mt-o  the  mud  like  P^cfto^fmum, 
aba  to  find  the  latter  in  greater  depthej  than  the  former ;  at  le£i^  theee 
w^ere  my  experiences  on  the  northern  coast*  But  in  the  deep  sea  jost 
the  reverse  is  the  case;  Pifcno^&num  is  either  very  rare  or  altogctber 
wanting  there,  wliile  Npnphan  and  the  allied  genera  ZfUA  &c,  ar^  pretty 
common,  and  evidently  walking  gravely  with  their  long  legs  over  thfl 
muddy  bottom*  In  the  Atlantic  we  got  JV^/m/j/io-n  from  1250  and  ZiiH 
from  350  and  1075  fathoms,  none  of  them  being  pai*ticularly  remarkabki 
either  for  sim  or  any  thing  else.  Some  of  the  fetoales  had  the  wfII- 
knomi  larval  forms,  which  by  Clapar^dc  and  others  have  bc^n  sufliciently 
described. 

Brachiopoda  were  on  the  whole  scarce.  "We  had  once  a  very  krge 
Waldhemia  with  exceedingly  small  animal,  which  was  got  on  our  way 
from  Gibraltar  to  Madeira  from  390  fathoms,  and  several  times  some 
small  Brachiopoda  from  850  to  1000  fathoms,  the  genus  of  which  was 
not  determined. 

Also  Ascidians  were  by  no  means  common.  Though  the  true  genus 
Ascidia  (transparent  Tunicata  without  a  stalk,  taken  in  the  wider  sense) 
does  occur  in  great  depths,  I  do  not  remember  its  having  been  found  in 
the  Atlantic,  where  only  a  very  fine  species  of  Bolienia  was  found  near 
the  coast  of  North  America  in  1700  fathoms. 

The  Lamellibranchiata  and  Gastropoda  have  been  duly  collected  and 
preserved ;  but  I  am  not  able  to  say  much  about  them.  "  Fine  shells'' 
there  are  scarcely  any ;  if  they  come  up  at  all,  they  are  small  and  of 
ordinary  appearance  like  Area,  Necera,  Pleuronectia,  Trochus,  Ftisus,  &c, 
Dentalium,  about  the  most  interesting  of  all  of  them,  goes  to  great  depths, 
and  was,  either  alive  or  dead,  nearly  always  found  when  great  quantities 
of  mud  were  brought  up  by  the  dredge. 

Of  Cephalopoda  I  find  only  an  Eledone  on  my  list,  which,  coming  from 
350  fathoms,  belongs,  however,  to  the  shore-fauna  of  Brazil.  All  the 
other  species  of  the  Atkntic  belong  to  its  transparent  surface-forms ;  and 
I  am  not  quite  sure  whether  Cirroteuthis  is  not  the  only  Cephalopod 
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which  goes  to  consWerable  depths.    This  one,  however,  was  brought  up 
only  later. 

Everybody  who  for  some  time  has  been  in  the  habit  of  visiting  the 
fish-markets  of  the  Mediterranean  knows  how  great  a  rarity  the  "  gre- 
nadier-fish "  {Lepidohprus  or  Macrurus)  is  considered  to  be  by  the  fisher- 
men of  those  shores,  and  how  little  was  known  as  to  where  those  curious 
Scopelids  Stemoptyx,  Chauliodus,  and  others  might  live.  The  latter  are 
washed  on  shore  from  time  to  time,  and  are  sure  to  come  into  the  hands 
of  naturalists,  as  the  fishermen  know  their  value.  In  the  Italian  fish- 
markets  they  were  all  the  more  eagerly  looked  after,  as  l^rofessor 
Leuckart  had  described  in  them  a  sort  of  sense-organs  running  along 
both  sides  of  the  body,  which  he  considered,  with  some  doubt,  to  be 
organs  of  sight.  But  the  supply  was  scanty,  and  very  few  zoologists  who 
paid  a  visit  to  these  places  were  able  to  get  them. 

Now  these  riddles  are  solved ;  for  we  know  that  Macrurus  is  one  of  the 
commonest  inhabitants  of  the  depths,  and  that  with  them  the  Stemo- 
ptychidsD  very  generally  come  up.  like  other  deep-sea  animals  and  those 
specimens  which  from  time  to  time  were  washed  on  the  shores  of  Italy 
and  Madeira,  we  have  also  found  them  occasionally  floating  about  on 
the  surface  of  the  sea ;  and  one  species,  a  small,  elongate,  blackish  fish, 
at  least  seems  to  belong  to  the  pelagic  fauna ;  but  the  majority,  especially 
Stemoptyx  and  Cliauliodus,  are  so  rarely  got  on  the  surface,  and  so  con- 
stantly brought  up  from  greater  depths,  that  I  must  regard  them  as 
inhabitants  of  that  zone. 

One  of  the  Scopelids  which  came  up  from  great  depths  (1600  and 
1900  fathoms)  in  the  Atlantic  is  very  peculiar  for  its  blindness  and  its 
flattened  head,  on  the  top  of  which  there  is  a  peculiar  sense-organ  of  a 
silvery  colour,  10  millims.  long  and  9  miUims.  wide.  I  examined  this 
organ  at  that  time  with  a  lens,  and  it  seemed  to  me  to  consist  of  three 
layers  : — 1,  a  very  thin  transparent  epidermis  ;  2,  a  layer  of  hexagonal 
small  columns  resembling  in  miniature  the  lateral  electrical  organs  of  a 
Torpedo ;  and  3,  a  silvery  tapetum.  Without  giving  any  opinion  about 
the  nature  of  these  peculiar  organs,  I  should  like  to  point  out  the  analogy 
which  seems  to  me  to  exist  between  them  and  those  organs  which  Leydig 
has  figured  from  the  scales  of  certain  Beptilia  in  Max  Schultze's  < Axchiv,' 
1873. 

This  fish  was  afterwards  also  got  in  the  Pacific. 

Of  the  other  inhabitants  of  the  depths  (the  Ophidiids,  Lophioids,  Ac.) 
I  have  little  to  say,  especiaUy  as,  after  our  leaving  the  Atlantic,  these 
fish  were  preserved  in  the  upper-deck  laboratory,  where  I  have  only  seen 
but  never  studied  them. 

Surface  of  the  Atlantic. 
Only  a  few  of  the  Atlantic  surface-animals  have  been  worked  out  by 
me ;  and  about  them  I  shall  say  a  few  words  when  discussing  their  rela- 
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ttoni  of  tbo  Pftdfio,    I  do  not  think  it  advisabk  to  fill  up  tfaii 
with  general  I'emarks  on  d,  fauna  which  is  so  well  kno^vTi  as  Urn  i 
1^  the  Atlantic. 

'  The  lilamU  of  the  Athtnik* 

On  our  firMt  visit  to  the  MjideSra  fish-market  we  got  a  namlMr  lal  - 
9v^(ecrrr?]t€£t  ap(M5imen3,  a  fish  whk^h  Wd  bad  got  a  few  days  htSam  fa 
deep  water.  We  also  secured  a  fine  Btnjx,  wlut^h,  bang  ono  of  tiid  iMort 
geuera  of  Acanthoptarygiftiis,  ii  especially  nemarkable* 

lu  Bt,  Thomas  wo  »peut  a  few  days  after  a  four  weeks*  cnujca,  ^at  M 
little  Iei  the  way  of  coUeatiug,  excopt  catching  some  ^sb  iu  tka  t mound 
and  some  dredging.  The  Professor  secured  iii  thia  place  a  groat  QiuaW 
of  Et^hinoderms. 

Kumeroui  eicursiona  were  made  in  Bermudas,  partlj  inland,  dhaa  I 
tried  to  catch  as  many  insects  as  possible  on  the  beach,  wher©  tb* 
ihallow- water  animais  were  secured  by  wading,  Hiingaiy  Bay  waa  lay 
chief  place  of  resort.  Hero  the  forest  approaches  the  beach,  and  aflbidad 
opporhuiitiea  for  collecting  of  all  kinds.  There  mangrore-trk^g  wans 
growing  in  large  iwampa,  crowded  with  a  GrapBiu  which  ascended  lihsm 
trees ;  and  under  the  stones  which  covered  the  muddy  ground  I  foand 
pU*nty  of  laud-crabs  balonging  to  different  genera  of  the  T^lphu&idji?, 
Wht*n  looking  for  these  I  discovered  a  hmd-Nemertean,  being  tha  first 
om^  foiin<!  In  1h<:*  western  hemisphere  (the  ouly  animal  of  this  kind  ha  v  Lug 
been  found  by  Semper  in  the  Philippines).  This  species  was  described 
and  figured  in  the  'Annals  and  Magazine  of  Natural  History'  for 
1874  (xiii.  p.  409),  under  the  name  Tetrastemma  agricola. 

In  Bermudas  we  also  made  frequent  excursions  in  the  steam-launch, 
which  enabled  me  to  get  specimens  of  a  Nehalia  which  I  had  noticed 
before  among  Crustacea  collected  by  Mr.  Murray.  This  species  {N.  hn- 
gipes\  which  I  have  worked  out  and  described  in  the  •  Transactions  of 
the  Linnean  Society/  is  remarkable  in  many  ways,  as  its  legs  are  far  less 
•*  phyllopodal "  than  in  the  other  species  known  before,  and,  as  in  the 
male  of  this  American  Nehalia,  it  is  the  first  and  not  the  second  antenna 
(N.  Geoffroyi)  which  has  been  enlarged  and  transformed  into  a  prehensile 
organ. 

In  the  Azores  we  had  only  a  few  days,  and  in  Madeira  there  was  no 
landing  on  account  of  the  small-pox  being  there.  Our  next  collecting- 
places  were  the  Cape-Verd  Islands,  first  St.  Vincent  and  then  St.  lago. 

In  the  barren  island  of  St.  Vincent  I  made  a  trip  into  the  mountains, 
and  was  very  much  struck  by  the  utter  barrenness  of  the  place.  CaihaHa 
percmpterus,  crows,  and  a  few  small  birds  were  the  only  living  bangB 
we  saw  flying  about.  Under  stones  we  got  some  geckos  (Platydaetylus) 
and  a  Lycosa,  and  near  a  water-pool  a  few  dragonflies  were  seen.  These 
were,  with  the  exception  of  a  few  beetles,  the  only  animals  which  could 
be  found,  though  we  looked  about  a  good  deal. 
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In  the  mean  time  Mr.  Moseley  had  found  out  that  there  were  certain 
Bpots  in  the  valleys  where  the  tamarisks  grew  higher  than  in  other  places 
and  in  clusters,  forming  a  small  oasis  in  this  desert  place,  and  that  these 
are  the  places  round  which  the  insects  assemble  in  considerable  numbers. 
Here  a  MyrmeleanrhjcYSk  eagerly  watches  the  ants,  large  colonies  of  which 
are  to  be  found.  Its  imago  was  also  found,  folding  its  wings,  when 
settling,  like  a  Perlay  and  when  flying  very  much  resembling  an  Agrion^ 
a  genus  which  was  not  found  in  these  places.  Some  Ichneumonids 
(especially  a  large  black  species  with  yellow  antennas)  and  many  Diptera 
(especially  an  Oamia)  are  to  be  seen ;  and  of  Orthoptera  there  are  small 
and  large  Acridia  and  a  Qryllm  burrowing  under  the  stones.  Of  Coleo- 
ptera  we  got  perhaps  fifteen  to  twenty  species,  most  of  which  belong  to 
Melasomata,  a  family  which  is  so  characteristic  of  all  the  countries  sur- 
rounding the  Mediterranean.  On  dead  corpses  of  donkeys,  goats,  &c.,  which 
the  inhabitants  leave  on  the  spot  where  they  die,  one  might  find  a  Silphuy 
on  sunny  places  fine  species  of  Cicindda,  and  on  the  leaves  of  the  tama- 
risks CoccinellidsD  are  not  uncommon.  Hemiptera  were  scarce,  only  one 
Cimeo!  having  been  found ;  and  so  were  Lepidoptera,  both  perhaps  partly 
because  the  season  was  not  propitious,  Myriapoda  were  represented  by 
a  large  Scolopendra  and  a  GeaphUtu. 

The  AraneidfiB  are  comparatively  very  abundant  (no  Scorpions  found), 
a  magnificent  large  yellow  species  of  Epeira  extending  its  net  between 
the  branches  of  the  tamarisks,  and  a  yellow  crab  spider,  as  well  as  a 
SaltieuB,  living  commonly  on  the  ground.  Fnder  small  labiaceous  plants 
a  very  fine  green  spider,  not  unlike  a  Theridiumy  occurs,  numerous  spe- 
cimens of  which  will  be  found  in  our  bottle.  It  makes  an  irregular  web 
in  the  middle  of  the  shrub,  and  comes  out  only  when  you  lift  the  plant 
and  shake  it,  then  running  away  with  the  utmost  speed. 

On  the  beach  two  Crustacea  are  to  be  found ;  both  are  rather  interest- 
ing. One  of  them  is  a  EemipeSy  which  may  be  seen  half-burrowed  in  the 
sand,  only  its  head  sticking  out  and  watching  for  its  prey.  The  boys  in 
the  place  catch  it  by  throwing  a  piece  of  meat  on  the  ground  immediately 
after  the  waves  have  gone  back,  when  the  Bemipes  will  come  out  and  try 
to  seize  it.  The  other  crustacean,  which  makes  holes  on  the  beach  in 
the  dry  sand,  is  Oeypoda  ippetu,  known  from  Egypt,  Syria,  and  these 
islands.  It  is  one  of  the  species  which  have  the  eyes  on  the  sides  of  the 
stalk,  which  itself  surpasses  the  eye  in  length,  and  is  terminated  by  a 
tuft  of  hairs.  On  the  rocks  of  the  beach  a  OrapsuB  is  very  common, 
hiding  itself  everywhere  in  the  holes  between  them ;  and  at  low  water 
PakmTton,  Pagwrus^  Eunice^  Aplysia,  and  many  shells  were  easily  picked 
up.  A  large  Calappa  was  caught  in  the  trammel,  together  with  a  ScaruSy 
DactylopUmSy  and  a  fine  specimen  of  Zygcena  malleus,  caught  by  Mr. 
Balfour. 

In  St.  lago  I  frequently  visited  the  palm-groves  close  to  the  town, 
where  I  caught  many  insects  and  watched  the  land-crabs  (GQ(»x<i\midssi\^ 
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^ich  bad  undermined  tbe  whole  of  the  place  \intli  large  holes,  Ija  ill 
evening  one  of  them,  a  Cardlmma,  \^aa  caught  by  the  seeking  party*  s 
■  on  closer  inspection  iiv^s  £otmd  to  have  eggs  and  young  ones  just  ci>me 
out  of  them  under  ita  abdomen.  This  was  of  cousiderabUi  internal, 
hecaus^e  we  knew  that  the  West^Indian  Qemrtinus  undergoes  no  m^t** 

tmorjiho&is,  hut  1hat  another  species  waa  said  to  do  eo  by  V.  Thomp*mi, 
who  had  seen  dead  Zoeas  in  its  eggs-  This  Zm*a^  however,  had  not  beea 
drawn  (as  far  as  could  he  mude  out),  and  the  whole  thing  hsA  boiea 
doubted,  according  to  statements  given  by  Fritz  Miiller.  Wt*  w'em  iko^ 
fore  very  much  satisfied  not  only  by  ascertaining  that  the  young  otiet  llw 
of  this  species  were  Zoeas,  but  by  being  able  to  make  an  accunite  Fketcb  of 
those  which  hrtd  already  left  the  egg.  No  doubt  these  would  have  kft 
the  mother  on  lier  nocturnal  excursions  to  the  eea,  and  undergone  thciB 
the  ordinary  metamorphoses* 

On  the  28th  of  August  we  landed  on  the  rocks  of  St*  Paul^  wh«T» 
nobody  is  known  to  have  made  collections  since  Darwin*9  well-kncfwn 
>isit  to  the  place*  On  the  barren  rocks  there  are  hardly  any  in»e<:ifita  Im 
found,  and  nearly  all  there  is  of  animal  life  i&  more  or  less  dependent  mi 
the  bodiest  or  nests  of  the  two  birds  which  cover  these  rocks,  AnoxiMti^ 
Hdti9  and  Snht  fnsca.  These  nests  were  carefully  searched  not  only  la 
the  island,  but  also  afterwards  in  the  laboratory,  w^here  I  had  taken  i 
box  full  of  them  in  order  to  secure  as  many  specimens  of  the  Insects  ai 
possible.  The  following  animals  were  thus  procured: — (1)  a  Che^ifr^, 
several  specimens  from  the  nest  of  Anotts  stolidus  (the  best  places  to  find 
our  European  Clielifer  are  the  nests  of  Hirundo  urhica) ;  (2)  three  spe- 
cies of  spiders ;  (3)  a  tick,  very  common ;  (4)  a  small  dipter ;  (5)  pupae 
of  Olfersui,  the  pupiparous  parasitical  fly ;  (6)  a  microlepidopter ;  (7)  a 
lepidopterous  larva. 

Darwin  does  not  mention  the  CJulifer  in  his  list,  but  has,  on  the  other 
hand,  a  Quedius  (beetle)  and^a  wood-louse,  which  I  have  not  been  able  to 
find. 

All  over  the  island  a  large  Grapsus  is  very  common,  preying  on  the 
eggs  and  young  ones  of  the  birds.  In  pools  large  black  Actinias  may  be 
seen,  and  many  small  fish  which  come  and  go  by  high  water.  In  the 
lobster-pots  we  got  several  small  specimens  of  a  Palinurus. 

On  the  main  island  of  Fernando  Noronha  we  only  took  a  short  walk, 
as  we  then  thought,  in  order  to  look  over  the  place  and  see  where  coUect- 
ing  might  be  most  profitabl}'  done,  but,  as  it  proved  afterwards,  never  to 
return.  Large  quantities  of  pigeons  were  seen  in  the  woods,  lizards  in 
quantities  everywhere  (Euprepes  punctatus),  and  under  the  stones  a  small 
Oryllus  was  to  be  seen  by  thousands.  Besides  these  I  only  noticed  a 
centipede. 

On  the  second  day  we  paid,  with  Captain  Nares,  a  ^isit  to  Mount  St. 
Michael,  Eat  Island,  and  Platform  Island.  The  rather  steep  rocks  of 
the  former  are  the  resting-  and  breeding-places  of  Anous  stolidus^  Sula 
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ftisca,  Tachypterus  aquila,  and  PTiosnicunu  cethereus,  great  numbers  of 
which  may  be  seen  flying  about. 

Among  the  creepers  which  cover  the  stony  ground  I  found  several 
green  Cicada,  a  Loeusta,  and  very  large  yellow  spiders,  which  are  also 
very  common  on  the  marnland. 

On  the  beach  I  found  a  large  NerUa  and  the  Qrapms  (c.  f .  strigostu) 
from  the  rocks  of  St.  Paul. 

Bat  Island. — ^Among  the  white  Convolvulus  we  saw  and  caught  some 
specimens  of  a  Polyommatus,  the  only  butterfly  which  was  seen,  with  the 
exception  of  a  few  small  Microlepidoptera.     Pigeons  are  common  here. 

Platform  Island. — The  rocks  on  the  beach  are  covered  with  a  small 
Mytilus ;  and  among  these  mussels  specimens  of  a  Patella  were  found. 

In  each  island  our  stay  was  extremely  short.  Every  thing,  however, 
that  came  in  our  way  was  eagerly  collected^  nevertheless  the  result  will 
not  give  an  idea  of  the  Fernando  fauna,  as  no  collecting  could  be  done 
on  the  mainland. 

Ibili  October  J 1873. — Landed  on  the  lower  ground  of  Tristan  d'Acunha, 
and  remained  six  hours  on  shore  collecting  every  thing  I  could  find.  On 
the  beach  I  saw  underneath  the  seaweeds  many  Diptera,  all  of  one  spe- 
cies, and  under  the  stones  Oniscus,  lulus,  and  a  Lumbrieus,  Besides 
these  there  was  a  small  Scolopendra,  but  scarcer  than  the  former.  Here 
I  also  found  a  small  Limax  in  great  quantities,  which  was  just  laying 
eggs  (the  corresponding  species  in  northern  Europe  does  so  in  April). 
In  a  pool  near  the  beach,  the  water  of  which  was  brackish,  I  saw  a  sm^ 
whitish  Oligocheet. 

Of  land-mollusca  I  found  a  small  species  resembling  in  shape  our 
genus  Zonites,  and  secured  a  good  many  specimens  of  them. 

Several  small  spiders  were  gathered  among  the  grasses  and  under 
stones. 

Proceeding  then  towards  the  settlement,  I  examined  in  many  places 
the  dung  of  cows  and  sheep,  but  could  find  no  trace  of  the  Aphodii, 
Oeotrupes,  and  other  beetles  which,  with  us,  are  invariably  to  be  found 
underneath  it.  All  I  got  was  a  small  Staphylinus,  Going  into  the  houses, 
and  asking  for  any  objects  of  natural  history  which  might  have  been  col- 
lected and  kept  by  the  inhabitants,  I  got  quantities  of  a  Buecinvm  found 
on  the  beach,  with  Patella,  Chiton,  and  others,  also  a  dried  searurchin 
and  a  living  Procellaria  glacialoides.  This  bird,  which  is  common  on  the 
antarctic  coast  of  South  America,  seems  to  be  unknown  to  the  fisher- 
men of  Tristan.  Of  course  we  also  made  inquiries  about  the  butter- 
flies, none  of  which  had  been  seen  flying  about,  asking  especially  if  they 
had  not  a  dried  specimen  of  them  in  a  book  or  on  a  pin.  They,  how- 
ever, had  none,  said  it  was  not  the  proper  time  of  the  year  for  it,  and 
described  it  minutely — very  likely  Vanessa  urticce^  a  species  common  all 
over  the  world. 

There  are  no  wild  mammals  on  the  island  except  rats  and  mice,  no 


Digiti 


zed  by  Google 


I 


681)     On  ObBermthns  dwrmg  ih£  Voyage  (^  HMS.  ^  ChuUa^er! 

reptiles,  and  no  ampliibifli.  Of  ih%  three  species  of  laiid-bmls  wo  uulv 
saw  tho  Thrush  {Nt^ockMa  eremitn^  Gould),  whitih  sterns  to  ta*  ixitumi'ii 
and  verj  tsme  iixto  &U  the  three  kkndji  of  the  gniup.  Thuydlow  Mijt^ 
rha  hraslIUnsii^  m  common  in  the  other  islaodB,  aeema  to  have  b6c<oint» 
eiiijict  iu  TrUtan  laland,  or  nere^r  Ui  havo  been  there  ;  for  the  two  desti- 
tute Germans  on  iBaccesaible  lil^id  tcjld  me  that  the  Tristan  jieoplo  kid 
tried  to  bit  roduee  the  bird  into  their  inland,  but  they  did  not  know  m  hethtfr 
they  hml  isueceeded.  QalUnula  a^Mmiut  la  itill  to  be  found  high  np  m 
the  hiik.  t^e^eral  specimens  of  it  liad  been  sent  to  Capetown^  and  on^  d 
them  had  been  sold  last  year  to  a  merohant-jship, 

16 (A  Octi^hee, — Landed  in  the  morning  on  the  lower  i^und  of  Inat> 
cessible  Island,  and  coUectod  a  good  deal  among  the  PAyJica-ihrubhe^ 
on  the  small  hill.  Here  we  got  several  OureuliQfH&,  an  llemipter,  a  moth, 
and  many  caterpillars j  besides  the  insects  already  mentioned  from  Tri*taii 
Island.  The  two  Qermana  gare  me  their  popular  names  for  th^  butter- 
flies, of  which  they  distiiiguish  two  spraes  (a  ^'  !Fuchs  "  and  ii  **  Pi?rliB  ut- 
ter falter  '' —  Fajfi#tja  «id  Arg^miu). 

Li  the  pond  at  the  foot  of  the  waterf iiU  we  got  aeveml  ■pMBUoa  of  wi 

The  Nfstmchht  and  Emherixa  were  very  common.  Of  NmioH»t  which 
the  Germans  declared  to  be  a  itnaUer  birtl  than  the  Tristan  one(?),  M/tmm 
pairs  had  been  seen  previously  on  the  lower  ground^  hut  they  twer^ 
commoner  on  the  top  of  tho  hills, 

17th  October, — Collected  some  beetles  and  other  animals  among  the 
Phylku  trees  and  on  the  corpses  of  dead  pufHns,  as  well  as  in  the  nests 
of  the  albatrosses.  Nesockhla  and  Eniberiza  were  very  oommon ;  no  Ne^tU 
was  seen. 

List  of  the  land-anwials  collected  in  the  Tristan  cfAcunlia  group, 

AvES. — 1.  Nesocichla  eremita,  all  three  islands ;  2.  Emhcriza  brasiliemis, 
Inaccessible  and  Nightingale  Islands. 

MoLLUSCA. — 1.  a,  Zo7iites;  2,  Pupa;  3.  Limax. 

Arachxida. — 1.  DrassuSy  sp.  ?,  common  in  Tristan  Island,  rarer  in  Inac- 
cessible Island,  not  seen  in  Nightingale  Island ;  2.  Several  other 
small  spiders ;  3.  A  tick,  parasitic  on  Diomeda  chhrorhifnchuB. 

Mybiapoda. — 1.  lulus,  common  everywhere;  2.  Scolopendra,  common 
everywhere. 

CoLEOPTEBA.— 1.  Curculio,  three  to  f OUT  spccics  in  all  the  islands  ;  2.  Sta- 
phylinus,  everywhere ;  3.  Small  black  Chrysomelid ;  4.  Hydrohhts, 
Inaccessible  Island. 
•Hemipteba. — 1.  Cimicid,  Inaccessible  Island ;  2,  Small  CicodJa,  Nightin- 
gale Island. 

Lepidoptera.— 1.  Noctua,  Nightingale  Island;  2.  Microlepidopter,  from 
Inaccessible  Island ;  3.  Caterpillars,  Inaccessible  Island. 
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DiPTEBA. — 1.  Muscid,  everjrwhere;  2,  fW«?,  parasitic  in  the  nests  of 
Diomedea  and  Eudyjptes. 

ToDTJBiD^. — Thysanura^  on  a  dead  puflRn. 

Cbustaoea. — 1.  •Onisctw,  everywhere  under  stones ;  2.  Oamrmrus^  every- 
where under  stones, 

OuaocnJETJE. — Lumhric;us^  everywhere  under  stones, 

V.  ''Preliminary  Report  to  Professor  Wyville  Thomson,  F.R.S., 
Director  of  the  Civilian  Scientific  StaflF,  on  Crustacea  observed 
during  the  cruise  of  H.M.S.  'Challenger'  in  tho  Southern 
Sea/'  By  the  late  Dr.  Rudolf  von  Willemoes-Suhm,  Natu- 
ralist to  the  Expedition.  (Published  by  permission  of  the 
Lords  of  the  Admiralty.)  Received  February  14, 1876.  Read 
March  16. 

In  the  following  paper  it  is  intended  to  give  a  short  account  of  the 
Crustacea  foimd  at  the  bottom  as  well  as  on  the  surface  of  the  sea 
during  the  antarctic  cruise  of  H.M.S.  'Challenger.'  Our  expedition, 
as  is  probably  well-known  to  most  readers,  left  the  Cape  on  Decem- 
ber 17,  proceeded  towards  the  Prince-Edward  Islands,  and  landed  on 
one  of  them.  Between  these  islands  and  the  Crozets,  on  which  landing 
was  impossible,  we  had  several  successful  deep-sea  dredgings.  Prom  the 
Crozets  we  sailed  to  Kerguelen,  where  we  stayed  nearly  a  month,  and 
where  a  great  deal  of  shallow-water  dredging  was  done.  Proceeding 
from  this  large  island  to  the  south,  we  penetrated  beyond  the  antarctic 
circle,  and  had  four  successful  deep-sea  dredgings  near  the  ice-barrier.  On 
our  way  to  Australia  we  were  able  to  trawl  five  times. 

The  surface  animals  were  generally  collected  by  the  towing-net  at 
every  station  by  lowering  the  net  to  a  depth  of  50-100  fathoms,  where, 
as  experience  has  shown  us,  nearly  the  same  quantity  of  animals  are  found 
during  the  day  which  at  night  are  to  be  got  from  the  very  surface.  In 
fine  nights,  when  the  ship  was  gliding  very  slowly  through  the  water, 
the  net  was  of  course  always  put  out,  and  its  contents  were  carefully 
preserved;  but  during  our  antarctic  cruise  such  nights  were  rare,  so 
that  in  most  cases  we  had  to  lower  the  net  in  the  daytime,  during  the 
manipulations  of  dredging  and  sounding. 

In  shallow  water  near  the  shores  of  the  antarctic  islands  we  found 
scarcely  any  of  the  higher  Crustacea.  Only  on  the  north  coast  of  Marion 
Island  (Prince-Edward  group,  the  northernmost  of  the  islands  which 
we  visited)  a  small  Candid  shrimp  was  got  in  considerable  numbers. 
Besides  there  was  a  Serolis,  different  from  the  only  species  which  we  had 
met  with  (in  700  fathoms  off  the  coast  of  Brazil).  On  the  south  coast  of 
Prince-Edward  Island  there  were  no  Decapods  at  all  in  a  similar  depth, 
only  Serolis  came  up  in  the  dredge.     Near  the  same  place,  however,  we 
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got  a  Buceessful  dredging  from  310  fathoms^  showing  tliat  the  ctaiditioBS, 
whatever  they  may  be,  which  do  not  allow  the  higher  CTuataeea  to  live  m 
shallow  water  near  the  antarctic  islands  (a  fact  \\'hieh  will  be  showu  to  b 
abo  the  case  near  Ivergiielen  and  Heard  Islands),  do  not  apply  to  greater 
depths ;  for  now  we  found  plenty  of  higher  Crustacea,  fiiie  Candid  decapods, 
Galatheasjaud  large  spiny  brachyurous  crabs,  allied  to  Pirn  and  Mam^d 
the  finest  red  colour.  This  was  the  only  time  M^e  got  ne^r  the  islands  a 
di^dge  iu  Buch  au  intermediate  depth  as  310  fathoms. 

Halfway  between  Prince -Edward  Islands  and  the  Crozets  we  had  two 
trawlmga  in  greater  depths,  both  successful  and  rery  important,  as  tht*v 
showed  clearly  tliat  also  in  these  southern  regions  of  the  Indian  Ocean 
several  of  the  animals  are  to  K^  found  which  inhabit  the  deep  sea  of  the 
Atlantic.  Euplectella,  Hyalonmm^  Umhdhdaria^  Brmnga^  Pourtaltstn,  u 
well  as  Mft4'rurux  nnd  JIalosauTus  were  all  'well -known  formn  to  tis,  and 
in  most  case 8,  I  shoidd  think,  the  same  Bpecies  which  we  have  found  all 
over  the  Atlantic.  The  Crustacea  were  represented  by  sevend  ScaJpeih, 
which  w^ere  attached  to  Bryozoa  by  the  same  bluish  Serolis  which  we  gpi 
the  first  time  on  the  coast  of  Brazil  in  700  fathoms.  An  Arctarug  w«s 
rather  common,  and  bo  was  an  Isopod,  which  is  very  cbanicterlsHc  for " 
the  antarctic  deep  sea,  but  which  nearly  always  cornea  up  completely 
spoil e^l,  as  it  loses  all  its  antennie  and  legs,  evidently  breaking  like  glass, 
"We  succeeded  only  ouce  in  getting  a  specimen,  24  millims.  long,  m 
which  the  second  antenna  and  the  legs  were  preserved ;  and  this  one 
shows  that  it  has  a  very  long  fiagellum  of  the  second  antenna  and  the 
third  and  fourth  pereiopods  elongated  and  exceedingly  thin.  Its  sub- 
sequent pereiopods  are  foliaceous  swimmerettes,  and  its  abdomen  con- 
sists only  of  one  segment.  All  this,  besides  its  blindness,  shows  that  it 
is  a  member  of  the  family  MunopsidsD,  established  by  Sars,  who  has  de- 
scribed several  genera.  Besides  this  larger  species  we  found  a  smaller 
one  in  the  antarctic  deep  sea  which  probably  belongs  to  the  same  genus, 
but  is  rarer  and  equally  very  liable  to  lose  all  its  appendages.  Another 
Munopsid,  which,  however,  may  belong  to  a  different  genus,  was  found 
formerly  by  us  in  deep  water  (2175  fathoms)  in  the  Atlantic,  bet^veen 
Bermudas  and  the  Azores,  in  lat.  38°  3',  long.  39°  13'  W.  It  is 
very  large,  40  millims.  long,  and  perfectly  transparent  and  soft,  so 
that  it  collapses  as  soon  as  taken  out  of  the  water.  Its  first  antenna  is 
of  moderate  size,  the  second  is  broken.  The  first  pereiopod  is  a  prehensile 
organ ;  the  three  subsequent  ones  are  broken.  The  last  three  feet  are 
terminated  by  exceedingly  large  foliaceous  joints,  and  the  abdomen  con- 
sists of  one  single  segment.  The  large  posterior  pereiopods  make  this 
strange  animal,  look  still  stranger ;  but  it  is  in  every  respect  a  normal 
member  of  the  family  Munopsidae.  I  shall  describe  all  these  species 
when  I  come  home,  and  shall  be  able  to  compare  them  with  Sars's 
drawings. 

The  deep-sea  dredging  betw  een  Prince-Edward  Islands  and  the  Crorets 
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brought  us  also  an  immense  ostracod,  gigantic  if  compared  to  those 
forms  which  are  known  to  us  as  common  inhabitants  of  the  fresh  and 
salt  water.  Its  soft  sculptured  shell  has  a  length  of  25  millims.  and  a 
height  of  16  millims.  The  small  cover  formed  by  two  excisions  of  the 
shell  before  the  head  has  by  itself  the  considerable  length  of  3  millims. 
I  think  this  is  the  largest  of  all  Ostracods  known,  only  equalled  in  size  by 
a  Silurian  form  found  in  the  ishmd  of  Gothland,  and  described  as 
Cytherina  haUica.  According  to  Quenstedt  there  seems  to  have  been 
some  doubt  whether  this  is  really  an  Ostracod,  as  it  is  ten  times  larger 
than  any  living  form  hitherto  known.  This  deep-sea  form  shows  that 
there  is  no  reason  for  that ;  but  unfortunately  it  does  not  allow  me  to 
decide  to  what  fiunily  it  belongs,  for  nothing  is  left  of  the  animal  inside 
the  shell  but  the  head  with  the  eyes,  the  two  antennse,  and  what  I  con- 
sider to  be  a  palpus  mandibularis.  The  shell  is  rather  soft  and  flexible, 
divided  by  five  lines,  originating  from  a  central  point  in  its  anterior  part, 
into  as  many  fields,  the  largest  of  which  on  the  posterior  and  inferior 
side  is  sculptured.  The  eyes  are  very  large,  pedunculated,  and  con- 
sequently movable.  So  far  the  description  of  the  animal  does  not 
prevent  its  being  put  into  the  family  CypridinidBB ;  but  the  antennas 
seem  to  me  veiy  different  from  those  known  in  that  group ;  for  here 
the  funiculus  antennae  prims  has  got  four  joints,  the  last  of  which  has 
on  the  upperside  an  accessory  prolongation,  which  resembles  somewhat 
the  scale  on  the  lower  antenna  of  higher  Decapoda,  but  seems  not  to  be 
in  articulation  with  the  funiculus.  The  flagellum  seems  to  consist  of 
twelve  joints  with  a  tuft  of  hair  at  the  top.  But  about  this  number  I  am 
not  quite  sure,  as  I  could  not  count  them  in  a  satisfactory  way  without 
spoiling  the  precious  unicum.  The  lower  antenna  has,  as  far  as  I  could 
make  out,  only  a  single  flagellum  (whereas  the  Cypridinidsd  have  got  two), 
consisting  probably  of  nine  joints.  The  palpus  mandibuls,  finally,  re- 
sembles in  its  shape  very  much  the  one  which  is  found  among  the  Decapods, 
consisting  of  two  joints,  the  last  of  which  is  covered  with  hairs  on  it« 
inner  side. 

Probably  this  new  and  gigantic  Ostracod  belongs  to  one  of  the  esta- 
blished families,  a  fact  which,  I  hope,  will  be  elucidated  by  further  dis- 
coveries on  our  future  cruise  in  the  southern  hemisphere. 

This  is  not  the  only  example,  however,  of  gigantic  forms  in  the  deep  sea, 
for  the  same  trawlings  brought .  up  two  specimens  (from  1375  and  1600 
fathoms)  of  a  Ghunmarid  Amphipod  the  larger  of  which  has  a  length 
of  60  millims.  and  a  height  of  35  millims.  Though  we  now  know 
that  certain  Hyperids  (Cystisoma  Neptunus^  both  sexes  of  which  we  found 
in  the  Atlantic,  and  described  in  the  Phil.  Trans.  1873;  see  also 
Trans.  Linn.  Soc.  1875,  2nd  ed.  Zool.  i.  p.  24)  attain  the  considerable 
length  of  more  than  4  inches,  these  trani^parent  and  elongated 
animals  do  not  make  such  an  impression  as  the  Qammarids,  which  are 
besides  in  no  way  peculiar,  being  perfectly  normal,  and  approaching 


Digiti 


zed  by  Google 


Dr.  E.  voiiAVillemacft-Siilim  on  Crusiacea^ 

perhaps  raoat  tho  geiius  Tifphxmtdia*  I  sha-U  therefore  givs  huCfT  ft 
more  accmuto  dt?9cnptioii  of  tlieiu,  anil  hert  miX^  direH  ^tsntimi  Is  Hkf 
/ew^  ^/i^df  t*i  '^*;  t/f^i^  ^''«i  *^  ^^'^^^  ^^  "*  ''^^  Hfiifnerttftrif  stt^ata,  ftmmaU  «ri 
found  whkhj  coTnimred  it'iih  their  reUuions  Uvintf  now^ip^imfjt  and  i?i  nhalUvf 
ufitter,  an  of  a  mry  c/jnsvJerable  sui ;  and  I  may  perhaps  best  itt  tbia  plm 
add  that  in  this  drecl^ug  of  1375  fcithoms  a  h^ymphoid  (Pjcnogonid) 
was  got  measnting  nearly  two  feci  across  ike  l^js. 

The  Sehixopods  appear  to  gain  moat  hj  the  deep-soa  inTCMltiffatioiij ;  for 
steiDge  forms  have  beun  discovered  by  oh  as  in  the  Atliiutic^  and  ftTtiTu;e 
forms  cotitinue  to  come  up  aii  we  go  on  with  the  r&searchea  in  tho  ulbr^r 
oeeani.     The  CJialaraspU  unfjmfer^  which  constitutes  a  now  family  {^ 
has  been  sho'^n  in  my  paper  on  the  Atlantic  Crustacea)  allied  to  thu 
Lophogastrida;,  and  characterized  by  the  presence  ol  all  the  jiemopodit 
the  looseness  ol  its  dorsal  shield,  the  absence  of  aceessory  eTe«,  Ac*, 
is  one  of  the  eharacteriisdc  members  also  of  the  antarctic  daepr^sea  faaua^ 
WSif  waa  got  in  ih^^\i  dred^ringi,  as  well  a^  in  those  on  our  way  from  tha 
^■jLTitarctic  to  Australia,  wlien  another  new  gonus  of  this  family  eamc  upj  rf 
Hirhich  I  shall  speak  afteru  ards.     In  thesa  trawlinge  near  the  Crojset^  w« 
got  another  Schizopodj  a  new  species  of  my  genus  l^etahphthnlmm,  flr^t 
found  ill  the  tropical  deep  sea  of  the  Atlantic,     It  is  a  form  differiug 
from  the  My  si  dec  by  the  looseness  of  ita  dorsal  shield,  by  large  plate-lilDd 
dupbcatures  of  the  chitinous  auluitanoe  in  the  place  where  we  &s^  accii#' 
tomed  to  find  tho  eyes^  and  by  the  pres^enc^^  of  brir'edmf^^lamelL'D  at  the 
base  of  all  the  pereiopods.     I  must  refer  for  the  details  to  my  prerious 
paper,  where  I  have  discussed  its  zoological  position  and  its  nearest  rela- 
tions, and  may  here  only  repeat  that  the  male  of  the  Atlantic  spedes 
P.  armiger^  v.  W.  S.,  differed  very  much  from  the  female  and  showed 
characters  hitherto  never  found  in  a  Schizopod.     Its  first  ant^nna^  palpi 
mandibulares,  maxillipeds,  and  first  gnathopods  are  transformed  into  very 
powerful  prehensile  organs.    In  this  species,  which  is  much  larger  than 
the  Atlantic  one  (length  of  the  female  62,  of  the  male  55  millims.),  nothing 
of  the  kind  exists.    The  male  is  only  a  little  smaller  than  the  female,  has 
of  course  no  breeding-lamellae,  and  is  only  distinguished  by  the  presence 
of  two  small  recurved  tubes,  situated  behind  the  last  pair  of  pereiopods, 
and  having  evidently  the  function  of  copulative  organs.     Brides  the 
pleopods  are  larger  than  in  the  female,  and  have,  as  is  the  case  in  many 
Mysids,  got  two  rami.     I  shall  call  this  species  Peiahphthalmui  inermis^ 
as  the  chief  difference  from  P.  armiger  consists  in  the  resemblance  of  the 
male  to  the  female  and  in.  its  size.     The  parts  of  the  mouth  as  well  as  the 
other  appendages  are  very  much  alike  in  both  species.     Drawings  of 
most  of  them  have  been  made,  and  will  be  published  on  a  later  occasion. 
As  we  got  many  specimens  of  this  larger  species,  I  examined  the  curious 
petaliform  organ  which  morphologically  represents  the  eye,  and  found 
that  it  consists  of  nothing  but  a  double  chitinous  layer,  which  contams  h 
small  quantity  of  muscular  tissue. 
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The  same  petalifonn  organs,  but  on  much  shorter  stalks  and  of 
differ^it  size,  are  met  with  in  another  animal  which  came  up  in  these 
dredgings,  and  which  belongs  to  the  proper  Mysids,  as  its  carapax  is  not 
loose,  as  in  Petalophlhalmus^  but  adheres  to  the  segments  of  the  pereion, 
as  in  ordinary  shallow-water  Mysids.  It  has  a  length  of  35  millims., 
and,  being  a  male,  is  distinguished  by  two,  small,  tube-like  copulative 
organs  at  the  base  of  the  last  pair  of  pereiopods.  A  form  of  the  same  genus 
was  afterwards  found  in  shallower  water  near  Kerguelen,  the  females  of 
which  had  got  young  ones  in  their  pouches,  showing  that  they  undergo 
the  same  metamorphosis  as  Mytis  does.  They  are  in  consequence 
closely  allied  to  this  genus,  and  have  nothing  to  do  with  Petalophiha^mus, 
though  the  eyes  have  undergone  the  same  retrogressive  metamorphosis  as 
in  this  genus. 

In  these  dredgings  we  caught  several  of  the  higher  Decapods,  Galatheas, 
several  specimens  of  Pagurm^  and  Caridid  as  well  as  Feneid  shrimps. 
One  of  the  Caridids  was  important  to  us,  as  it  was  the  same  species 
which  we  had  formerly  got  in  quantities  in  deep  water  of^  the  coast 
of  Brazil  between  Pemambuco  and  Bahia.  It  has  a  very  solid  and 
spiny  carapax  and  large  eyes*  From  a  morphological  point  of  view  all 
these  otibs  and  shrimps  have,  however,  scarcely  any  interest. 

When  cruising  near  the  Crozets  we  dredged  in  a  depth  of  210  fathoms, 
where  only  a  Serolis  was  got,  and  again  in  550  fathoms,  where  no 
Crustacea  came  up  at  all. 

In  Eerguelen  Ishmd,  where  we  stayed  nearly  a  month,  much  shallow' 
water  dredging  took  place  in  the  different  harbours,  most  of  which  was 
done  by  Frof .  Wyville  Thomson  himself,  while  I  was  on  shore  collecting 
the  land  animals  of  the  place.  There  is  no  Oammarus  with  terrestrial 
habits  nor  any  Oniscas  to  be  found  in  these  barren  islands,  animals 
which  still  exist  on  the  Tristan  d'Acunha  Islands.  In  the  pools  on  shore, 
however,  a  small  brachyurous  crab  was  f  otmd,  which  was  never  got  by  the 
dredge  not  even  in  the  shallowest  water.  Also  in  the  pools  it  is  by  no 
means  common,  so  that  I  only  got  three  specimens.  One  of  these,  a 
female,  had  empty  eggshells  attached  to  its  pleopoda ;  and  I  think  that  a 
small  Zoea,  the  only  larva  of  higher  Crustacea  which  I  was  able  to  get  on 
the  surface,  belongs  to  this  species;  for  all  the  dredgings  dotvn  to  a 
hundred  fathoms  near  Kerguelen  Land  never  yielded  any  of  the  Decapod 
Crustacea  except  the  small  Mysid  which  ?ias  been  already  mentioned. 

The  shallow-water  fauna  near  Kerguelen  may  be  divided  into  two 
zones — the  one  going  from  a  few  fathoms  down  to  forty,  and  charac- 
terized by  small  silicisponges,  a  Spatangus^  Cribrella,  and  especially  by 
Serolis ;  and  the  second  from  40-120  fathoms,  inhabited  by  large  silid- 
Bponges  (Rossella  antarctica,  Carter),  a  large  red  Euryal,  Comattda^  another 
SeroliSy  by  Cwnui,  Tanais,  and  Anceus,  These  two  zones  of  course  are  not 
strictly  separate,  as  many  of  their  inhabitants  go  from  one  into  the  other ; 
but  I  do  not  think,  for  example,  that  Spatangus  will  be  found  to  be  any- 
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wkere  pkntif ul  bojoud  50  fathoms ;  nor  do  I  tMtik  tJiat  Uatneikt  wiU  be 

found  at  all  ia  a  daptli  of  25  fathoms, 
K  The  GrusUc^a  iahabiting  the  shallower  wat^r  am  several  apedaa  of 
^%croli9^  JSphiEromaf  ArcturttSi  some  Gammarids,  aeveral  species  of  C<^reUa^ 
one  of  which  has  a  very  slender  and  long  manus,  and  some  Pycnogoni(k 
There  is  scarcely  any  thmg  iutereBting  to  be  found  in  that  zone,  lu 
the  second  aone  of  deeper  \Fftter  (though  not  deep-sea  fanna,  which 
WG  scarcely  ever  have  found  in  less  than  500  fathoms)  we  had  a  richer 
har\'e^t;  Ta^s  and  Pra^sa^  very  curious  amphipods,  Mysids  and  JVifWia 
are  the  inhabitants,  about  which  1  shall  now  say  a  few  words. 

>i  A  Taiiais  having  a  length  of  abont  17  millims.  is  very  common^  and 
'though  not  deviating  by  any  means  from  the  typical  spectas  of  the  genus, 
it  has  a  peculiarity  connected  with  its  propagation  ;  for  the  females,  in- 
stead of  having  breed ing-lamel In?,  as  the  other  epcdcs  of  the  genas  hate, 
carry  tbeir  eggs,  like  Copepods,  in  small  cutaneous  sacs  attadied  to  the 
genital  opening  at  the  base  of  the  fifth  pair  of  pereiopod®,  Theje  gao 
extend  as  the  development  goes  on,  and  attain  a  diameter  of  3-4  miijims. 
Professor  Wyville  Thomson  having  discovered  amoog  the  echinodenu^  of 
Kerguelen  Land  many  forms  which  do  not  undergo  any  metamorphosLs,  but 
develop  io  pouches  of  their  parents,  this  peculiarity  in  Tanau  de^erre^ 
to  be  noted,  not  exactly  as  comparable  to  those  facts,  but  as  an  anomaly 
nn  the  group  to  which  the  animal  belong, 

^  Less  common  than  this  Tanais  was  an  animal  whieh  very  doselv  re- 
sembles the  European  Aneeus  maxillaris  (Praniza,  Leach),  of  which  I  got 
several  males  and  ovigerons  females. 

A  larger  species  of  Serolis^  which  is  the  predominant  and  most 
characteristic  form  of  all  the  Crustacea  in  the  shallow  water  of  the 
Antarctic  islands,  was  also  to  be  found  in  this  second  zone.  With  it  an 
Amphipod  occurred,  a  Gammarid,  distinguished  by  a  bright  red  frontal 
prolongation  of  the  head  and  having  no  eyes.  These  I  first  thought 
might  be  discovered  in  some  form  or  other  in  the  red  proboscis ;  but  my 
expectations  were  not  justified  by  the  results  of  the  dissection.  The 
organ  is  divided  by  a  line  along  its  top  into  a  right  and  a  left  portion. 
The  chitinous  layer  has  got  no  facettes,  and  the  whole  organ  is  filled  by  a 
finely  granulated  red  pigment.  What  its  function  may  be  I  cannot  say, 
having  never  met  with  any  thing  like  it. 

The  Nehalia  was  very  rare.  Though  I  sifted  the  mud  for  a  long  time, 
and  was  most  anxious  to  find  more  specimens  of  it,  I  only  succeeded  in 
getting  two  females,  which  differ  from  N.  Oeoffroyi  only  in  hariug 
the  borders  of  the  abdominal  segment  somewhat  more  sharply  denticu- 
lated. Until,  however,  the  male  is  known  I  do  not  think  it  right  to 
declare  it  to  be  the  same  species. 

Besides  a  small  Cuma,  which  was  very  common,  we  found  in  the  deeper 
zone  outside  Christmas  Harbour  the  only  decapod  which  was  brought 
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up  by  the  dredge  during  the  whole  time  of  our  stay  in  Kerguelen,  where 
dredging  has  been  effected  at  least  in  seven  different  places.  This  was 
a  small  Mysid  with  petaliform  plates  instead  of  eyes,  allied  to  the 
larger  species  which  was  brought  up  from  the  deep  sea.  It  has  a  length 
of  12  miUims.,  and  was  not  rare,  as  numerous  males  and  females  with 
young  ones  in  their  pouch  were  found  in  the  mud.  The  females  have 
got  (as  all  Mysids  have)  two  pairs  of  large  breeding-lamellsd,  which  form 
a  pouch  for  the  reception  of  the  young. 

Possibly  this  Mysid  genus  is  already  described  by  Sars,  who  has  esta- 
blished several  genera,  the  descriptions  of  which  are  unfortunately  not  on 
board. 

These  are  the  Crustacea  of  the  shallow  water  near  Kerguelen — all 
belonging  to  the  lower  divisions,  whose  breeding-lamells  form  a  pouch 
for  the  reception  of  the  young.  The  only  Decapod  among  them  is  (which 
is  very  remarkable)  an  animal  in  which  the  pouch  is  not  wanting ;  so 
that  it  seems  that  in  the  shoMow  water  near  the  Antarctic  Islands  higher 
Crustacea  have  not  been  able  to  find  tJiose  conditions  which  are  necessary  for 
tJieir  development.  The  Echinoderms  which  have  found  the  same  diffi- 
culties have  partly  overcome  them,  by  being  represented  here,  especially 
by  forms  which  have  no  metamorphosis,  and  in  which  the  young  ones 
find  protection  with  the  mother.  The  Crustacea  (with  only  one  excep- 
tion, the  Brachyurous  crab  in  the  pools)  which  develop  with  free-living 
larval  stages  have  not  been  able  to  resist  influences  which  seem  to  be 
especially  hostile  to  the  larval  stages  of  these  groups.  In  the  deep  sea, 
however,  as  well  as  on  the  surface  of  the  ocean,  we  find  higher  and  lower 
Crustacea  distributed  in  the  same  way  as  they  are  in  other  regions  of  our 
globe. 

Between  Kerguelen  and  Heard  Island  we  dredged  in  150  fathoms,  but 
got  only  a  Scalpellum,  an  ArctumSf  and  a  spiny  Amphipod,  which  is  the 
corresponding  form  to  the  Gammarus  loricatus  of  the  north.  Near  Heard 
Island,  in  75  fathoms,  we  found  the  same  animal  and  a  Sjphceroma,  but  no 
other  crustacean  at  all. 

Near  the  ice-barrier  in  the  South  we  had  three  deep-sea  hauls  in  1260, 
1675,  and  1975  fathoms,  but  got  only  very  few  Crustacea,  a  spiny  Isopod, 
the  Munopsid  which  has  been  mentioned  before,  and  a  large  Serolis  (in 
1975  fathoms),  which  has  been  figured  by  Mr.  Wild,  and  which  we  pro- 
pose to  call  T.  Bromleganaj  in  honour  of  Mr.  Bromley,  Lieutenant  in 
H.M.S.  '  Challenger,'  who  has  been  many  a  time  in  charge  of  the  deep- 
sea  dredgings.  The  males  of  this  species  have  a  length  of  54,  the  females 
of  46  millims. ;  and  both  sexes  are  distinguished  by  a  fine  blue  colour, 
with  a  red  spot  extending  over  the  midst  of  the  body  and  the  eyes.  The 
lateral  segments  of  the  pereion  are  terminated  in  long  spines,  which 
are  directed  backwards,  and  attain  in  the  male  the  length  of  59  millims. 
and  43  millims.  in  the  female; 

On  our  way  from  the  ice-barrier  to  Melbourne  four  successful  haula  were 
tOL.  xxrv.  2  u 


Digiti 


zed  by  Google 


nff  the  Cruife  ofHM.S. '  ChaOfngm 

got  in  depths  of  1S>60,  1800,  2160,  and  mm  fathoms.  In  the  ueeond  of 
these  haule  wQ  found  a  rhizocephalous  cirrii^ed  in  the  open  breeding-po^cl 
of  tt  very  large  Uifmfnmisr,  which  ii  about  to  be  desmbed  by  Pn^Buor 
Wy^4Ue  Thom§oii,  Such  crustaceana  lia^e,  howeyer,  aa  f ar  &i  I  can  §*#, 
never  been  deseribeid  from  an  echmodena ;  and  I  am  not  quite  iuit 
whether  the  spo(*jnien  in  queeiion  had  not  been  detached  from  one  of  the 
ihrimpa  which  caine  up  at  the  same  time  and  tumbled  into  the  open  pouch 
of  the  Hy\}ti^m%ifr,  Another  Cirriped,  a  Scafp^Uum,  waa  caught  in  tbe 
lai^t  dredging  (2600  fathoms),  gho^ing  once  mope  that  Cjirrpeds  a^ 
among  those  Arthropods  which  may  be  met  with  in  very  gre^it  depths*  Of 
Isojiods  there  were  specimens  of  the  described  Munopsid,  and  fragmenti 
of  another  hitherto  unknown  member  of  this  tribe. 

The  Bch  1350 pods  yielded  again  several  very  interesting  fbnns.  P^tnk- 
pJithalmui  i}iarnm  came  up  from  19aO  fathoms,  and  from  the  aatne  plicae 
we  got  the  posterior  part  of  a  cast  Gitaihapltaofm  skin*  This  genus,  thrw 
species  of  which  have  been  described  by  me  from  the  depths  of  th* 
Atlantic^  ]a  allied  to  Ix^ihof^aster^  but  distmgui«ihed  by  its  eara|)a€e  hmJfg 
not  attached  to  the  five  posterior  segments  of  the  pereion,  aud  by  AOOOf* 
Bory  eyes  on  the  second  maxilla.  It  is  difficult  to  tell  from  this  frag-  | 
ment  whether  it  belongs  to  one  of  the  described  species  t  m  size  it  sei'ms  i 
to  me  to  have  been  intermediate  between  0*  ^^/ot  and  Q,  soea.  The 
Euphauniidfe  are  also  represented  by  a  veiy  interesting  new  form^  a  large  'j 
spc^cie-s  of  Thysanoj^otJa  (from  lt>()0  fathom.^),  a  genu b  which  hjis  hitherto 
not  been  found  in  deep  water.  Jt  has  a  length  of  50  millims.,  and  is, 
like  the  deep-sea  Eujphautia  which  I  have  described  in  my  |»ieoeding 
paper,  perfectly  untransparent.  I  am  not  able  to  say  how  many  pairs  of 
accessory  eyes  there  are  in  this  species,  but  I  think  that  they  exist,  and 
that  black  spots  between  the  first  pleopods  may  turn  out  to  be  such  oigans 
of  sense. 

Of  Chalaraspis  there  was  a  specimen  of  the  species  which  I  have  men- 
tioned already  (C.  unguifer),  and  another  very  remarkable  form  which  I 
shall  call  C.  alata.  In  this  one  the  large  carapace  is  very  thin  and  soft, 
perfectly  loose,  and  covers  three  of  the  abdominal  segments.  The  kst 
legs  are  not  elongated  like  in  C,  unguifer,  but  somewhat  shorter;  the  first 
of  them  somewhat  enlarged  and  recurved  in  its  first  joints. 

Among  the  higher  Decapods  there  were  two  species  of  Oalath£a  and 
some  Peneid  and  Caridid  shrimps,  which  are  not  particularly  interesting. 
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VL  "  Preliminary  Beport  to  Professor  Wyville  Thomson^  F.R.S., 
Director  of  the  Civilian  Scientific  StaflT,  on  Work  (Chemical 
and  Geological)  done  on  board  H.M.S.  '  Challenger/  By 
J.  Y,  Buchanan^  Chemist  and  Physicist  to  the  Expedition. 
Communicated  by  Professor  Wyvillb  Thomson^  F.E.S.  Re* 
ceived  March  7,  1876.    Bead  March  16. 

The  following  Preliminary  Beport  on  my  work  on  board  the  *  Challen- 
ger '  during  the  last  three  years  has  been  drawn  up  in  compliance  with 
a  request  on  the  part  of  Professor  Wyyille  Thomson,  which  was  com- 
municated to  me  on  the  2drd  June,  1875.  As  my  time  at  sea  is  fully 
occupied  with  the  daily  laboratory  work,  I  was  obliged  to  postpone 
preparation  of  the  report  until  our  arriyal  at  Valparaiso,  where  the 
whole  of  my  time  was  deroted  to  it.  Three  weeks,  however,  is  too  short 
a  time  to  prepare  even  a  preliminary  report  with  satisfaction,  and  there 
are  doubtless  many  things  in  the  present  one  for  which  I  must  crave 
indulgence.  In  venturing  to  publish  the  few  geological  notes  which  1 
have  embodied,  I  feel  that  a  special  apology  is  required,  as  my  knowledge 
of  rocks  is,  at  best,  but  superficial.  I  was  emboldened  to  do  so,  however, 
by  considering  that  the  islands  to  which  the  notes  refer  are  principally* 
such  as  are  but  seldom  visited  by  any  one,  and  tliat,  as  it  was  my  good 
fortune  to  be  able  to  visit  them,  it  was  right  that  I  should  make  what 
observations  I  could  and  record  them,  in  case  amongst  them  there  might 
be  some  which  would  4)e  of  value  to  the  geologist. 

Observations  on  the  Specific  Gravity  of  Sea^water. 

As  the  value  of  these  results  depends  to  a  great  extent  on  the  nature 
of  the  means  taken  to  collect  the  water,  and  on  the  delicacy  of  the 
instrument  used  for  determining  its  specific  gravity,  I  shall  shortly 
describe  them  both. 

The  samples  of  water  are  collected  either  in  an  ordinary  canvas 
bucket,  or  in  one  of  two  kinds  of  metal  *' water-bottle,"  according  as  it 
is  to  be  taken  from  the  surface  or  from  depths  below  it.  The  use  of  the 
ordinary  hand-bucket  needs  no  explanation.  When  water  is  to  be 
obtained  from  the  bottom,  the  "  slip  "  water-bottle  is  used.  This  instru- 
ment is  a  Swedish  invention,  improved  by  Dr.  Meyer,  of  Kiel,  who  with- 
out doubt  has  described  it,  and  by  Messrs.  Milne,  of  Edinburgh,  who 
furnished  those  on  board  the  '  Challenger.' 

Water  from  intermediate  depths  is  obtained  in  a*  much  lighter  instru- 
ment, which,  with  a  drawing  and  the  method  of  using  it,  is  fully 
described  in  a  paper  presented  to  the  Boyal  Society  in  the  early  part 
of  1876,  of  which  an  abstract  has  been  published  in  the  'Proceedings,' 
No.  160.  It  consists  of  a  metal  cylinder  furnished  with  stopcocks  at 
both  ends.    The  levers  by  which  these  stopcocks  are  turned  are  con<^ 
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n^cted  by  a  straight  rod,  so  tliat  they  arc  stmuitaueouily  either  op^  oi 
shat,  or  at  least  at  t!ie  same  phase  of  being  open  or  shut.     When  water 
ia  to  be  collected  by  its  means,  the  stopcocks  are  opened  and  the  iiutm- 
ment   sunk  to    th©  required    depth,  haTing  been   prenously  seean?!? 
fastened  to  a  sounding-Une.    The  operation  of  sinking  must  be  carried 
on  without  a  checJs^  owing  to  the  peculiarity  of  the  closing -apparatos. 
When  the  required  depth  has  been  reached,  the  line  h  checked,  hauled  in 
a  fevT  fathoms,  let  go  again ^  and  finally  brought  to  the  surface  by  nieaai 
of  a  donkey-engine*    The  rod  connecting  the  stopcocks  is  fumisheil  with 
a  metal  plate,  which,  during  the  descent,  is  retained  in  a  vertical  po^iHon 
by  the  passage  of  the  water  on  both  sidea  of  it*     When^  however,  the 
direction  of  motion  13  reversed,  the  plate  falls  down  into  a  horizontal 
position,  when,  by  its  passage  throngli  the  water,  it  exercises  such  1 
downward  pressure  on  the  rod  that  the  stopcocks  are  closed.     Arrived 
at  the  surface,  it  contains  the  water  wliich  it  had  enclosed  at  the  depth 
in  question.     A  small  safety- vahe  allows  of  the  escape  of  the  surpka 
water,  which ^  owing  to  the  greater  density  of  the  w*ater  l>elow  the  sur- 
face, it  has  enclosed  in  excess  of  what  it  can  hold  at  atmospherie  tem- 
perature and  pressure.     The  apertures  of  the  stopcocks  being  necessarily 
smaller  than  the  diameter  of  the  cylinder,  the  efficiency  of  tlie  instrument 
hi  really  changing  the  water  as  it  descends  was  tested  before  leaving 
England  in  a  freshwater  lake,  the  water  with  which  it  was  filled  at  the 
surface  containing  soinr*  yellow  pni^'siitte  of  pot^i^h.     ft  \\:\-i  fouud  that 
the  water  fetched,  under  these  circumstances,  from   depths  over   IJ 
fathom  was  unacted  upon  by  solution  of  perchloride  of  iron.     The  rate, 
therefore,  of  change  of  water  is  satisfactory,  as  we  can  be  certain  of 
obtaining  an  average   sample  of  the  last  two  fathoms  passed  through 
by  the  instrument. 

Eepresenting  the  specific  gravity  of  distilled  water  at  4°  C.  by  100,000, 
I  found  that  of  ocean  water  at  15°*56  C.  to  vary  between  the  ex- 
tremes of  102780  and  102400;  so  that,  to  be  of  any  value  at  all,  the 
possible  error  in  the  results  must  not  exceed  10.  The  hydrometer  used 
for  these  observations  is  fully  described  in  the  paper  above  referred  to. 
Its  description  is  briefly  as  follows ; — 

The  stem,  which  carries  a  millimetre-scale  10  centimetres  long,  has 
an  outside  diameter  of  about  3  millimetres,  the  external  volume  of  the 
divided  portion  being  0-  8607  cubic  centimetre ;  the  mean  volume  of  the 
body  is  160-15  cubic  centimetres,  and  the  weight  of  the  glass  instrument 
is  160-0405  grammes.  With  this  volume  and  weight  it  floats  in  distilled 
water  of  16°  C,  at  about  the  lowest  division  (100)  of  the  scale.  In  order 
to  make  it  serviceable  for  heavier  waters,  a  small  brass  table  is  made  to 
rest  on  the  top  of  the  stem,  of  such  a  weight  that  it  depresses  the 
instrument  in  distilled  water  of  16°C.  to  about  the  topmost  division  (0) 
of  the  scale.  By  means  of  a  series  of  six  weights,  multiples  by  1,  2, 
3,  4,  5,  and  6  of  the  weight  of  the  table,  specific  gravities  between 
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1*00000  and  1-03400  can  be  obseryed.  It  is  nofc  necessary  that  these 
weights  should  be  accurate  multiples  of  the  weight  of  the  table ;  it  is 
sufficient  if  they  approach  it  within  a  centigramme,  and  their  actual 
weight  be  known  with  accuracy.  The  weights  of  the  table  and  weights 
in  actual  use  are : — 

Weight  of  toUe   0*8360  gramme. 

Weight  of  weight  No.     1 0-8560        „ 

n 1-6010       „ 

,,  ,,  m 2-4225  grammef. 

IV 81245       „ 

V 4-0710       ,. 

VI 4-8245        „ 

For  oceanic  waters  the  hydrometer  is  always  used  with  the  table  and 
either  No.  IV.  or  No.  V.  weight. 

When  the  mechanical  part  of  the  construction  of  the  instrument 
was  finished,  with  the  exception  of  the  closing  of  the  top  of  the  stem 
(which  instead  was  widened  into  a  funnel-shape  large  enough  to  receire 
the  ordinary  decigramme  weights),  the  calibration  of  the  stem  was  effected 
by  loading  the  stem  with  successive  weights,  and  observing  the  conse- 
quent depressions  in  distilled  water  of  known  temperature.  This  done, 
the  top  was  sealed  up  and  the  instrument  carefully  weighed.  The  ex- 
pansion of  the  body  with  temperature  was  determined  in  a  similar 
manner  by  reading  the  instrument  in  distilled  water  of  various  tem- 
peratures. The  coefficient  of  expansion  of  the  glass  was  then  found 
to  be  0*000029  per  degree  Centigrade. 

For  using  this  instrument  at  sea  about  900  cub.  centimetres  of  sea-water 
are  taken,  and  the  containing  cylinder  placed  on  a  swinging  table  in  a 
position  as  near  the  centre  of  the  ship  as  possible.  The  observation  with 
the  hydrometer,  loaded  with  the  necessary  table  and  weight,  is  then 
effected  in  the  ordinary  way,  the  accuracy  of  the  readings  being  but  little 
affected  by  rolling;  pitching,  however,  is  found  to  have  a  distinctly 
disturbing  effect ;  and  when  it  is  in  any  way  violent,  it  is  advisable  to 
store  the  specimen  of  water  till  the  weather  improves. 

The  temperature  of  the  water  at  the  time  of  observation  is  deter- 
mined by  one  of  (^issler's  "  normal "  or  standard  thermometers,  gradu- 
ated into  tenths  of  a  degree  Centigrade;  and  it  is  essential  for  the 
accuracy  of  the  results  that  the  water,  during  the  observation  of  the 
hydrometer,  should  be  sensibly  at  the  same  temperature  as  the  atmo- 
sphere, otherwise  the  changing  temperature  of  the  water  makes  the 
readings  of  both  the  hydrometer  and  the  thermometer  uncertain.  At  low 
temperatures  (below  10°  or  12P  C.)  a  tenth  of  a  degree  makes  no  sensible 
difference  in  the  resulting  specific  gravity ;  but  at  the  high  temperatures 
always  found  at  the  surface  of  tropical  seas,  rising  sometimes  to  30°  C, 
the  same  difference  of  temperature  may  make  a  difference  of  3  to  4  in 
the  resulting  specific  gravity. 
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Ihmng  ohfctined  the  upacilic  gravity  of  the  water  in  question  it  i 
mperaturti  whieh   depands  upoa  that   of  the   air  at  the  time,  it  iti 
tocesiiarys  in  order  that  tha  raaulta  may  be  comparable,  to  reduce  them 
^  their  values  at  one  common  tamperatvLra.     Far  this  purposta  n  know^- 
,ge  of  the  law  of  expausioa  of  aca-watcir  with  temperature  is  ntwe*- 
iary.     ThU  had  been  determined  with  sufficieot  accuracy  for  low  t^m- 
peratnree  by  Despretf,  and  others  ;    but  as  the  temperatures  at  wliich 
epetiific-gravity  observations  are  usually  made  are  comparatively  high, 
their  results  were  of  but  Little  use,  direct eil  as  they  were  chietly  to  the 
determination  of  the  freezing  and  maximum -density  points.     When  th& 
late  Captain  Maury  was  developing  his  theory  of  oceanic  eirctdatiou^  o^ing 
to  difference  of  dtsnaity  of  the  water  in  its  different  parts,  he  found  ih^ 
want  of  information  on  this  important  subject.     At  his  request  the  kte 
Professor  Hubbard,  of  the  National  Observatory,  U.S,,  iuatituted  a  series 
of  experiments,  from  which  he  was  enabled  to  lay  down  a  curve  of  the 
volumes  of  sea-water  at  all  temperatures  from  considerably  below  the 
freexincf-point  to  much  above  what  obtains  even   in  the   hottest  fieis. 
The  results  are  published  in  Maury's  '  Sailing  Directions,'  1858,  vol  i, 
■  p.  S37,  and   havo   evidently  been    carried  out  with  great  carte*    Tha 
compoBition  of  different  oceanic  waters  varies,  even  in  extreme  case«, 
within  such  close  limits,  that  the  law  of  thermal  en>anaion  is  &en^bly 
the  same  for  all  of  tbem  ;  of  this  Hubbard's  experiroents  afford  satis- 
factory proof.   In  the  Table  which  gives  the  results  of  all  his  experiments 
he  takes  the  volume  of  water  at  60°  F.  as  his  unit.    In  order  to  avoid 
much  useless  calculation,  I  have  been  in  the  habit  of  reducing  my  results 
to  the  same  temperature  (15°'66  C),  while,  for  a  like  reason,  I  have 
retained  the  specific  gravity  of  distilled  water  at  4°  C.  as  the  unit.    The 
choice  of  a  common  temperature  to  which  the  results  should  be  reduced, 
and  of  a  unit  of  specific  gravities,  is  a  purely  conventional  matter ;  and 
in  choosing  the  above-mentioned  ones,  in  the  first  instance,  I  was  moved 
solely  by  a  desire  to  save  calculation.    For  every  water,  however,  there 
is  one  temperature  to  which  it  would  be  natural  to  reduce  its  specific 
gravity,  namely,  the  temperature  which  the  water  had  when  in  its  place 
in  the  ocean ;  and  in  this  sense  all  my  results  during  the  cruise  have 
been  reduced.     Hubbard's  Table  of  the  change  of  volume  of  a  mass  of 
sea-water  with  change  of  temperature  enables  us  very  easily  to  reduce 
any  observed  specific  gravity  from  the  temperature  of  observation  to  any 
other  temperature,  say  15°'56  C.    In  the  paper  it  is  transcribed  from  the 
'  Sailing  Directions.' 

In  the  following  Table  the  volumes  for  every  Centigrade  degree  from 
-1°  C.  to+30°C.  are  given:— 


Digiti 


zed  by  Google 


done  <m  board  H.U.S.  'ChaUenger* 


597 


Temp. 

Yolame. 

'xemp. 
1  0  0. 

t 

Yolame. 

Temp. 

; 

1  Volume. 

Temp. 

Volume. 

-1 

0-99792 

'+7 

0-99853 

+15 

0-99987 

+23 

1-00194 

0 

795 

1      8 

866 

16 

1-00010 

24 

224 

+1 

799 

9 

878 

17 

034 

25 

256 

2 

804 

10 

893 

18 

059 

26 

288 

3 

812 

1    ^^ 

910 

19 

086 

27 

820 

4 

820 

12 

927 

20 

111 

28 

352 

5 

830 

13 

947 

21 

137 

29 

385 

6 

840 

14 

967 

22 

164 

SO 

420 

Bj  means  of  the  results  given  in  this  Table  a  chart  of  isothermals 
was  constructed,  giving  by  inspection,  as  soon  as  the  specific  gravity 
at  any  one  temperature  is  known,  its  reduced  values  at  any  other.  In 
this  way  the  specific  gravity  of  every  water  has  been  reduced  to  its 
value  at  15°*560.  and  at  the  temperati^  which  it  possessed  when  in  its 
place  in  the  sea.    ' 

The  results  obtained  since  leaving  Teneriffe  on  15th  February,  1873, 
are  given  in  a  series  of  Tables,  in  which  those  relating  to  surface-water 
are  collected  together  and  grouped  in  sections,  as  Teneriffe  to  St. 
Thomas's,  St.  Thomas's  vi&  Halifax  to  Bermuda,  and  so  on.  Those 
relating  to  bottom-water  are  coUected  in  larger  groups — the  first  contain-* 
ing  all  those  observed  in  the  Atlantic,  the  second  those  in  the  Southern, 
the  third  th6se  on  the  western  side  of  the  Pacific  Ocean,  and  the 
fourth  those  observed  between  Japan  and  Valparaiso.  Where  series  of 
observations  on  waters  from  intermediate  depths  have  been  obtained, 
each  series  is  given  by  itself.  By  far  the  greater  number  of  the  obser- 
vations relate  to  suiHEace-water,  the  specific  gravity  of  which  was,  as  a 
rule,  taken  once  a  day  when  at  sea,  the  temperature  of  the  water  being 
at  the  same  time  observed  with  the  standard  thermometer  above  men- 
tioned. 

With  a  single  exception,  o£E  the  coast  of  Brazil,  the  densest  water 
which  we  have  met  with  in  the  ocean  was  found  on  the  section  from 
Teneriffe  to  St.  Thomas's  in  the  heart  of  the  north-east  trade-wind 
territory,  where,  from  the  strength  and  dryness  of  the  wind,  the  amount 
of  evaporation  must  be  very  large.  Bound  about  the  Canary  Islands 
the  mean  specific  gravity  was  found  to  be  1*02730 ;  to  the  westward  it 
rises  steadily  until  in  longitude  28""  W.  it  has  reached  1-02762.  Between 
longitude  28°  W.  and  64°  W.  the  mean  specific  gravity  is  1-02773,  the 
maximum  being  1*02781.  On  approaching  the  West  Indies  it  rapidly 
falls  off  to  an  average  of  1*02719  in  the  neighbourhood  of  St.  Thomases  ; 
and  if  we  take  into  account  all  the  observations  made  on  the  western 
iide  of  the  Atiantic,  from  St.  Thomases  northward  to  the  edge  of  the  cold 
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water  wMoh  separatee  the  Gulf-stream  from  the  coast  of  Amerifn,  we 
obtain  the  eame  aN'emge,  1-02719.  Between  Bermuda  and  the  Axor^-s  an 
nlmost  perfectly  uniform  specific  gravity  was  observed,  the  mean  bedag 
1*02713,  and  the  eitreraes  1' 02094  and  1-02727.  Aa  Madeim  is  »p- 
proached  the  specific  gravity  nsee  nntU  it  reaches  1*02746  dose  to  tiie 
island  itself*  The  mean  specific  gravity  on  the  t^istem  side  of  the  J^ort^ 
Atlantic,  bet\^*een  the  latitude  of  St.  Thomas's  and  that  of  the  Axores,  ii 
1' 027 27 J  or  slightly  higher  than  that  of  the  water  on  the  western  side. 

After  leaving  the  Cape-Verd  Islandsi  the  ship*^  course  lay  aLmost 
parallel  to  the  African  coast,  and  at  an  average  distance  of  aboat  2iX) 
miles  from  it.  Proceeding  thns  in  a  south-easterly  directiou,  the  specific 
gravity  fell  rapidly  from  1*02692  off  St,  lago  on  the  10th  August^  to 
1-02632  on  the  12th,  after  which  it  retained  the  low  mean  specific 
gravity  of  1-02G27  until  the  21st  August,  when  the  course  waa  chaji^ 
to  a  westerly  one  along  the  equator.  The  specific  gravity  of  the 
water  on  this  day  was  the  lowe§t  hitherto  registered  for  a  surface-water; 
it  was  1^02601,  in  lat,  S""  8'  N.,  and  on  the  boundary  line  between  tba 
equatorial  and  Guinea  current s*  The  same  low  specific  gravity  wv 
observed  in  following  the  equatorial  current  as  far  ns  St.  Paul's  rocks, 
after  which  it  quickly  rose  as  the  Brazilian  coast  was  approached  ;  and 
the  maximum  of  1*02786  was  obtaiiicd  on  the  26th  September,  when 
off  the  entrance  to  Bahia,  in  latitude  13°  4'  8* 

The  observations  in  the  South  Atlantic  were  limited  to  a  line  dowii 
the  western  side  as  far  as  the  Abrolhos  Bank,  and  thence  across  to  the 
Cape  of  Good  Hope.  In  the  region  of  the  south-east  trade-wind,  there- 
fore, we  have  only  a  few  observations  close  to  the  coast ;  and  as  we  have 
seen  in  the  North  Atlantic,  on  the  voyage  from  Teneriffe  to  St.  Thomas's, 
the  specific  gravity  is  higher  in  mid-ocean  than  either  on  the  east  or 
the  west  side,  so  in  the  South  Atlantic  it  is  possible  that  the  same  may 
hold  good.  From  the  Abrolhos  Bank  to  Tristan  d'Acunha  the  specific 
gravity  sinks  steadily  from  1-02785  to  1-02606,  and  from  Tristan  to  the 
Cape  of  Good  Hope,  along  a  course  lying  between  the  35th  and  the 
37th  parallels  of  south  latitude,  the  mean  specific  gravity  was  1*02624. 
Between  the  same  parallels  of  north  latitude  the  mean  specific  gravity 
was  1-02713. 

It  must  be  remembered  that  the  results  obtained  can  only  be  held 
good  for  the  season  of  the  year  in  which  they  were  observed,  and  thi^ 
the  observations  in  different  latitudes  were  made  in  different  seasons, 
and,  further,  that  all  the  observations  north  of  the  line  as  far  as  20°  N. 
were  obtained  on  the  eastern  side,  and  those  to  the  southward  of  it 
as  far  as  30°  S.  w  ere  obtained  on  the  western  side  of  the  ocean ;  so 
that  it  would  be  unwise  to  attempt  to  draw  any  general  conclusions 
from  such  imperfect  data.  Considering,  however,  our  four  parallel 
sections,  we  have  at  least  this  positive  result — that  in  the  month  of 
June  and  mean  latitude  36°  N.  the  surface-water  in  mid-ocean  has  a 
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mean  specific  gravity  of  1'02713,  that  in  the  months  of  February  and 
March  and  mean  latitude  22^  N.  the  mean  surface  specific  gravity  is 
1-02773,  that  in  the  month  of  August  and  mean  latitude  2°  N.  it  is 
1*02624,  and  that  in  the  month  of  October  in  mean  latitude  36^  S.  it  is 
1-02621. 

On  the  way  to  and  from  Hali&x  in  the  month  of  May  some  obser- 
vations were  obtained  in  the  cold  water  with  which  the  north-eastern 
coast  of  America  is  surrounded,  the  mean  specific  gravity  being  1-02463. 
On  the  1st  May  in  the  Gulf-stream  the  specific  gravity  of  the  water 
was  1-02675,  and  its  temperature  23^-9  C. ;  and  the  next  day  it  was 
1-02538,  and  the  temperature  13°-3  C.  If  the  results  be  reduced  to  their 
values  at  the  respective  temperatures  of  the  different  waters,  we  have  for 
the  specific  gravity  of  the  Gulf-stream  water  1-02445,  and  of  Labrador- 
current  water  1-02584 ;  so  that  the  fall  of  temperature  very  much  more 
than  counterbalances  the  want  of  salt  in  the  water.  In  the  same  way  we 
find  the  mean  specific  gravity  of  the  water  referred  to  the  temperature 
which  it  has  in  the  ocean  to  be — in  latitude  36°  N.  and  month  of  June 
1-02548,  in  22°  N.  and  months  of  February  and  March  1-02592,  in  2^ 
N.  and  month  of  August  1*02335,  and  in  36°  S.  and  month  of  October 
1-02659. 

Leaving  Simon's  Bay  on  the  17th  December,  1873,  the  ship  proceeded 
in  the  direction  of  the  Marion  Islands.  Immediately  outside  the  Cape 
the  warm  water  of  the  Agulhas  current  was  met  with,  which  possessed  a « 
comparatively  high  specific  gravity,  averaging  on  the  18th,  19th,  and  20th 
December  1-02657  at  15^-56  C,  and  1-02477  at  the  average  temperature 
(21°-9  C.)  of  the  water.  As  we  advanced  in  a  southerly  direction,  the 
specific  gravity  as  well  as  the  temperature  sank  rapidly;  and  on  the  26th, 
when  off  the  misty  and  snow-capped  islands  of  Marion  and  Prince 
Edward,  the  sur&ce  was  5o*3  G.  and  the  sp.  gr.  1-02518.  After  leaving 
these  islands,  and  until  on  the  way  northward  to  Australia  we  had  passed 
the  50th  parallel  of  south  latitude,  the  specific  gravity  of  the  surface 
remained  remarkably  uniform.  Between  the  Marion  Islands  and  Ker- 
guelen's  Land  the  average  specific  gravity  was  1-02512,  between  Ker- 
guelen's  and  the  edge  of  the  pack-ice  it  was  1*02506,  along  the 
verge  of  the  pack-ice  it  was  1-02476,  and  between  the*  pack-ice 
and  the  50th  parallel  it  was  1*02514 ;  thence  to  the  Australian  coast  it 
rose  daily,  reaching  1-02638  off  Cape  Otway.  Except  when  amongst 
loose  ice,  there  was  hardly  any  variation  at  all  in  the  specific  gravity  all 
the  way  between  Marion  Island  and  the  50th  parallel ;  when  amongst 
the  ice  the  specific  gravity  was  liable  to  sudden  and  considerable  fiuctua- 
tions,  going  down  on  the  14th  Februaiy  to  1*02419,  and  on  the  18th  to 
1-02418,  the  ship  being  on  both  occasions  surrounded  by  broken  pack-ice. 
X>uring  the  same  trip  the  specific  gravity  at  the  temperature  of  the  water 
was  also  very  uniform,  the  mean  being  1*02690. 

Leaving  Sydney  a  loop-like  course  was  made,  by  way  of  New  Zealand, 
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Toiigatabu,  and  tlie  Fiji  Islands,  back  t-o  the  Auatrali&ii  coait  at  Iti 
northermnoit  point,  Cape  York.  The  mean  specide  gravity  o!  tbe 
woiteni  part  of  the  sea  between  Australia  and  New  Zealand  wy 
1*02647,  and  that  of  tbo  ftastern  part  1 '02622,  while  in  Cook*s  Stmt 
itseK  it  was  only  1 '02593.  Between  New  Zealand  and  the  Kermadtvs 
the  average  specific  prartty  was  1*02630^  and  between  the  Kermadec 
Islands  and  Tongatabu  it  was  101:3651  ;  ronnd  the  Fijb  it  wm  l'U2<>Gli 
and  bet^reen  tbe  Fijis  and  Cape  York  a  vory  uniform  specific  gwdtj 
was  maintained,  tbe  mean  being  1-02043,  We  thus  pee  that  in  tbe 
western  part  of  tbe  Soutbern  Pacific  the  speciiie  gravity  of  the  surfififr- 
water  is  rery  uniform j  varying  but  little  with  latitude,  showing  a  Ten 
marked  difference  from  tbe  Atlantic  Ocean,  a  differenca  which  wu 
observed  to  obtain  in  all  parts  of  the  Padfic. 

From  Gape  York  to  Kong  Kong  tbe  course  lay  tbrongh  tb©  pemarki}^ 
ieries  of  so-called  enclosed  aeas.     The  moan  Biirface  specific  gnkTitiea  ifl 
these  seas  were  as  follows  : — In  and  around  Torres  Straits^  l*026o5^  in 
the  Arafura  Sea,  1^02549  ;  in  tbe  Banda  Sea,  1*02003 ;  in  tbe  Molucd 
Passage,  1 '025 17 ;  in  the  Celebes  Sea,  1*02562 ;  in  the  Suhi  Sea,  1-024M; 
in  tbe  sea  enclosed  by  tbe  PbiJippine  Islands,  1 '02532  ;  and  in  the  China 
Sea,  1-02518,     On  tbe  way  to  Kong  Kong  we  traversed  the  Sulu  wid 
China  seas  just  at  tbe  time  when  the  south-west  monsoon  had  ceasetf 
and  the  north-east  one  began  to  blow.    When  we  returned  br  tbe  fame 
-  route  as  far  as  the  south  point  of  Mindanao,  the  north-east  monsoon  had 
already  persisted  for  more  tban  two  months  ;  and  tbe  effey:t  of  the  com- 
parative dryness  of   this  wind  is  very  evident  in  the  snrfaoe    specific 
gravities.    Tbe  following  average  values  were  found  : — In  the  China  Sm, 
1-02534;  in  tbe  Philippine  Sea,  1-02532;  and  in  the  Solu  Sea,  1*02570. 
On  the  other  handi  the  few  observations  made  in  the  northern  part  of  tte 
Celebes  Sea  showed  a  diminution  of  specific  gravity,  the  average  being 
1'02496.     Outside  the  south  point  of  Mindanao  a  strong  and  steady 
north-easterly  wind  was  met  with,  and  for  the  next  ten  degrees  in  longi- 
tude the  mean  specific  gravity  was  1'02596.     On  nearing  the  coast  of 
New  G-uinea  tbe  specific  gravity  went  down  rapidly,  averaging  for  a  few 
days  before  our  arrival  at  Humboldt  Bay  1-02619.     That  a  very  large 
river  must  here  empty  itself  into  the  sea  was  evident  from  the  amount 
of  drift-wood  with  which  the  sea  was  covered,  and  from  the  superfidftl 
distribution  of  the  light   water.     The  specific  gravity  of  water  at  50 
fathoms  below  the  surface  was  almost  perfectly  uniform,  varying  firoo 
1-02611  to  1-02636  during  the  whole  cruise  from  Mindanao  to  Admindtr 
Island.    When  about  twenty  miles  off  Humboldt  Bay  the  specific  gravity 
of  the  water  fell  as  low  as  1-02420.     Between  Humboldt  Bay  and  the 
Admiralty  Island  the  surface  specific  gravity  was  very  uniform,  varying 
from  1-02583  to  1-02600,  except  in  one  position  (lat.  2**30'S.,  long. 
144°  7'  E.),  where  it  fell  to  1-02554';  but  a  series  of  observations  on 
waters  taken  from  different  depths  at  this  position  showed  at  once  the 
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superficial  nature  of  the  variation ;  the  water  at  10  latiioms  from  the 
surface  had  a  specific  gravity  of  1-02580.  Although  there  was  here  no 
drift-wood  to  be  seen,  1  have  little  doubt  that  we  had  to  do  with  warm 
water,  although  the  nearest  point  of  New  G-uinea  was  at  least  80  miles 
distant ;  and  indeed  Capt.  Scoresby,  who  sailed  along  this  coast  much 
closer  in  shore,  observed  in  this  part  large  quantities  of  drift-wood,  and 
inferred  the  existence  of  a  large  river  in  the  neighbourhood. 

North  of  Admiralty  Island  the  specific  gravity  is  somewhat  higher ; 
between  the  equator  and  3^  north  latitude  the  mean  is  1*02648 ;  thence 
all  the  way  north  to  Japan  it  remains  very  uniform,  the  mean  b^ng  about 
1-02600. 

Leaving  Japan  in  the  month  of  June,  the  course  lay  entirely  between 
the  parallels  of  34''  and  40"^  N.  as  far  as  the  meridian  of  155''  W.  The 
specific  gravity  was  slightly  greater  on  the  western  side  of  the  ocean  than 
on  the  eastern.  The  following  mean  specific  gravities  were  observed  for 
every  ten  degrees  of  longitude : — 

140  to  150  B 1-02586. 

150  to  160  1-02574. 

160  to  170  1-02585. 

170  to  180  1-02568. 

180  to  now.  1-02569. 

170  to  160  1-02544. 

160  to  155  102532. 

Arrived  at  155^*  W.  longitude,  a  southerly  course  was  pursued  by  way  of 
the  Sandwich  Islands  and  Tahiti,  when  the  following  mean  specific 
gravities  were  observed : — 

35      to    25N 1-02618. 

25      to    15  1-02593. 

15      to      5  1-02574. 

5N.to      5  8 1-02649. 

5  8.  to    15  1-02658. 

15      to    25  1-02699. 

25      to    35  1-02620. 

Whence  it  will  be  seen  that  the  minimum  value  is  reached  between  15® 
and  5°N.  latitude,  the  lowest  value  actuaUy  observed  having  been 
1-02488  in  latitude  7°  26*  N.  The  maximum  to  the  south  between  15° 
and  25°  is  very  much  more  pronounced  than  that  to  the  north  of  it ;  in 
b%cb  round  about  Tahiti  is  the  only  spot  in  the  Pacific  where  I  have 
observed  the  specific  gravity  reaching  1*02700 ;  the  actually  highest 
observed  value  was  1-02728  on  the  3rd  October,  when  the  ship  was 
being  swung  a  few  miles  off  Papeete  Harbour. 

The  easterly  course  to  Valparaiso  was  made  principally  between  the 
paraUels  of  35°  and  40°  S.  latitude.  From  125°  W.  longitude  to  Valpa- 
raiso the  mean  specific  gravity  was  1-02534,  the  maximum  being  1-02552 
and  the  minimum  1*02513. 
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^L  A  IflTgc  number  of  observations  on  tbe  ppotnfic  gravitrof  the  wafn^it 
^%e  bottom  and  intennedintc  depths  bave  been  made*  In  a  prebininirT 
report  like  the  present  it  would  be  oat  of  pkco  to  enter  upon  tUe  di&eoi- 
eion  of  so  extensive  a  subject,  even  did  tbe  time  at  my  disposal  admit  of  idt 
attempting  it,  I  therefore  content  mvaelf  with  ginng  the  numeriirsLl  r^ulU* 
It  la  to  be  hoped  that  in  the  homeward  cruise  through  the  Atlantic  i 
more  complete  series  of  observations  in  this  direction  mar  be  obtain^, » 
those  obtained  on  the  way  out  were  only  sufficient  to  show  that  this  octani 
and  especially  its  northern  part,  differs  greatly  from  the  rest  of  the 
world-sea  in  density,  as  it  does  in  tenij»erature  and  in  many  other  parti- 
culars.  As  a  general  rule,  in  both  oceans  between  the  parallels  of  4(fy. 
and  4^)*^  8»  the  specific  gravity  (reduced  to  15°" 56  C)  is  greatest  at  cr 
near  ihe  surface,  and  decreages  more  or  less  regularly  until  a  minimuB 
is  reached,  generally  about  400  fathoms  from  the  surface,  when  there  b 
a  slow  rise,  the  bottom- water  being  rather  heavier.  This  gexieral  !aw 
obtains  in  the  Pacific  and  in  the  South  Atlantic;  but  from  the  ffvr 
obE^ervations  obtained  in  the  North  Atlantic,  there  are  indications  of  a 
departure  from  it.  Although  iu  the  caae  of  surface-water  the  \-ariati(m» 
of  specific  gravity  with  latitude  are  very  considerable,  more  especially  ia 
the  Atlantic,  the  water  below  200  fathoms  presents  great  constancy,  tbe 
variations  being  comparable  with  those  of  tlie  temperature  at  the  s&me 
depths.  In  intertropical  regions,  and  generally  where  there  exist  alter- 
nating \^et  and  diy  seasons,  there  arc  usually  more  than  one  maximum 
and  minimum  in  the  series  between  the  surface  and  the  bottom.  How 
long  it  takes  in  quiet  seas  for  fresh  water  to  diffuse  downwards  in  the 
sea,  will  be  seen  by  inspection  of  the  results  obtained  on  the  22Dd 
^February,  1875,  above  referred  to,  when  about  80  miles  off  the  mouth  of 
one  of  the  large  rivers  of  New  G-uinea,  and  the  sea  covered  \*-ith  drift- 
wood. The  specific  gravity  was  at  the  surface  1-02537 ;  at  10  fathoms, 
1-02578 ;  at  20  fathoms,  1-02584 ;  at  40  fathoms,  1-02594 ;  at  50 
fathoms,  1-02636 ;  and  at  100  fathoms,  1-02658,  where  it  obtained  its 
maximum,  the  temperature  being  sensibly  the  same  down  to  50  fathoms, 
namely  from  28°  C.  to  28°-4  C. 

Ohservatiom  on  the  Carbonic  Acid  contained  in  Sea-water, 

The  carbonic  acid  when  boiled  out  of  the  water  is  received  by  baryta- 
water  of  known  strength ;  its  consequent  loss  of  alkalinity  is  measured 
by  hydrochloric  acid  of  corresponding  strength.  Haying  obsened  that 
the  presence  of  sulphates  in  sea-water  is  one  of  the  potent  agents  in 
the  retention  of  the  carbonic  acid*,  I  always  add  10  cub.  centims. 
of  a  saturated  solution  of  chloride  of  barium  to  the  water  before 
commencing  the  operation.  This  facilitates  greatly  the  liberation  of 
the  carbonic  acid,  and  also  causes  the  water  to  boil  tranquilly,  even 
to  dryness,  without  showing  any  tendency  towards  bumping.  The 
*  Proc.  Roy.  See  1874,  vol.  xxiu  pp.  48^-^95. 
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quantity  of  water  used  has  been  almost  invariably  225  cub.  centime., 
and  the  property  possessed  by  sea-water  of  retaining  its  carbonic 
acid  with  great  vigour  makes  it  possible  to  perform  the  determina- 
tion of  it  even  a  couple  of  days  after  its  collection.  As  a  proof 
of  this,  on  the  10th  July,  1875,  the  surfiice-water  was  found  when 
freshly  dra^vn  to  contain  0*0291  gramme  carbonic  acid  per  litre. 
A  quantity  likewise  of  the  freshly  drawn  water  was  bmled  in  vacuo 
tot  an  hour  and  fifty  minutes  in  order  to  collect  the  oiygen  and 
nitrogen,  and  then  allowed  to  cool  protected  from  the  air.  One 
portion  of  this  water  was  exposed  to  the  air  in  a  flat  dish  outside 
the  port  for  three  hours,  and  in  another  portion  the  carbonic  acid  was 
at  once  determined.  It  contained  0*274  gramme  per  litre,  whilst  the 
water  exposed  to  the  air  contained  0*6273  gramme.  The  effect,  then,  of 
boiling  in  vacuo  was  only  to  remove  about  5  per  cent,  of  the  whole 
amount,  whilst  free  exposure  to  the  air  had  no  effect  whatever.  As  the 
determination  of  the  carbonic  acid  takes  a  considerable  time,  it  is  only 
by  taking  advantage  of  this  property  that  I  have  been  able  to  determine 
it  in  samples  from  depths  in  the  same  locality ;  for  where  boiling  in 
vacuo  has  so  little  effect,  there  is  no  danger  of  losing  carbonic  acid 
when  the  water  is  carefully  decanted. 

As  in  the  great  majority  of  cases,  where  the  carbonic  acid  has  been 
determined,  the  oxygen  and  nitrogen  have  also  been  collecte  d,  and  are 
being  preserved  until  our  return  home,  when  they  will  be  analyzed :  it 
would  be  useless  to  attempt  to  discuss  the  results  of  the  carbonic-add 
determinations  at  present,  and  before  these  analyses  have  been  made, 
especially  as  there  is  likely  to  be  some  relation  between  the  amounts  of 
oxygen  and  of  carbonic  add.  Independently,  however,  of  the  relations 
which  may  subsist  between  the  two  bodies,  it  may  be  gathered  from  the 
inspection  of  the  accompanying  Table  that,  taking  sur&ce-waters  alone, 
the  amount  of  carbonic  add  present  is  many  times  greater  than  would 
be  contained  in  the  same  volume  of  distiUed  water  under  the  same  cir- 
oamstances.  I  have  again  and  again  exposed  distilled  water,  surcharged 
with  carbonic  add,  to  the  air,  and  after  even  a  very  few  minutes  the 
carbonic  add  was  completely  gone ;  on  adding  to  225  cub.  centims.  of  it 
5  cub.  centims.  baryta-water,  the  mixture  remained  perfectly  dear ;  and 
on  titrating  with  hydrochloric  add  there  was  no  diminution  of  alkalinity. 
The  temperature  of  the  water  on  this  occasion  was  18***3  C.  On  that 
particular  day,  namely  the  8th  July,  1875,  when  in  the  middle  of  the 
North  Padfic,  there  was  no  determination  made  of  the  carbonic  add  in 
the  surface-water;  but  two  days  later,when  the  temperatiu^  of  the  surface- 
water  was  18°-9  C,  225  cub.  centims.  of  it  contained  0*0066  gramme  carbonic 
add.  Had  there  been  0*002  granmie  CO^  in  the  225  cub.  centims. distilled 
water,  it  must  have  been  detected  and  determined.  Hence,  under  the  same 
circumstances,  this  particular  sea-water,  whose  spedfic  gravity  was  1*02528 
(at  15^*56  C,  water  at  4^  =  1),  contained  at  least  thirty  times  as  much 
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cnrbonic  acid  as  an  eqa^d  bulk  o£  fresU  water  would  hare  done. 
a«  niigUt  have  been  eipecl^d  from  the  above  obiierv&tioiis,  the  amoimt  of 
carboiiic  ttcid  contuined  by  aurface-wateri  of  tba  aama  t4£iiii>tttmtiiia 
incre^es  with  the  density,  and  consequently  i^  greater  iti  the  surfaot- 
M'ater  of  the  Atlantic  than  in  that  of  the  PaciHc,  the  two  ocean £i  bein| 
verj  markedly  distingnished  from  one  another  by  the  different  deiudtiei 
of  their  surface- waters.  Tlma  w^e  have  a  mean  of  0'G46t3  gramme  CO^ 
per  litre  in  Atlantic  surface -water  of  temperature  between  2(P  And  2S^  C. 
and  mean  density  l'0£7tif7 ;  whilitin  the  Pacific  the  mt*an  is  0-0268  gramme 
in  water  of  1*0251)4  mean  dea,^ity  ;  and  iJie  mexm  amount  of  carbook 
acid  in  Atlantic  water  of  temperature  above  25^  C\  and  mt^ui  dmimtf 
1-02659  is  0-0409,  whilst  in  the  Pad  fie  the  eorresponding  water  is  d 
mean  density  1*02593,  and  contains  0*0332  gramme  CO^  per  litre.  As  i 
rtile*,  other  thinga  being  equal,  the  amount  of  carbonic  acid  dimimsliii 
Its  the  temperature  increases ;  thus  the  mean  amount  of  oirbotiic  acid  tn 
waters  whoae  temperature  wa^  between  15^  and  2QP  was  found  to  bo 
Q-0446  gramme  per  litre,  the  mean  density  being  1-02642*  whihit  we 
have  seen  that  in  the  Atlantic  the  surface-water  of  temperature  abore 
25^  C»  and  of  mean  density  1 '02 659  contains  0*0409  gramme  f>er  litrt. 
Also  there  ia  usually  more  carbonic  acid  in  waters  taken  from  the  bott<dn 
and  intermediat'e  depths  than  in  surface-water ;  but  if  regard  be  had  to 
the  temperature  of  the  water,  it  will  be  seen  that  there  is  but  littk 
dUTi^ri'Uff*  in  ihn  lunuiiTit  in  \vat4>rs  of  tin*  fiauw  ioinvH'vutnrt'  fiiui?  \UiaN 
ever  depth  they  may  have  been  derived.  This  seems  to  indicate  that  the 
animal  life  at  the  bottom  and  at  great  depths  cannot  be  very  abundant, 
otherwise  there  could  hardly  fail  to  be  a  decided  excess  of  carbonic  add 
in  the  deep  water,  owing  to  constant  production  and  want  of  the  means 
of  elimination  of  the  gas.  On  this  subject,  however,  it  would  be  prema- 
ture to  speculate  before  the  determination  of  the  oxygen,  from  which  we 
may  hope  for  much  information. 

I  have  made  a  number  of  experiments  to  detect  the  presence  of  car- 
bonates in  sea-water.  If  any  were  present,  they  should  be  found  in  the 
residues  from  the  determination  of  the  carbonic  acid ;  and  I  had  been  in 
the  habit  of  testing  by  adding  a  little  acid  to  them,  and  invariably  with 
the  same  result — that  carbonates  were  not  present ;  at  the  same  time  it 
appeared  to  me  to  be  very  unlikely  that  such  should  be  the  case,  whoi 
there  is  plenty  of  carlK)nate  of  lime  in  the  shells  of  the  animals  living 
and  dying  in  it,  and  also  plenty  of  carbonic  acid  in  the  water  to  dissolve  it. 
It  was  also  not  improbable  that  the  very  considerable  amount  of  sulphate  of 
baryta  in  the  residues  might  disguise  the  effervescence.  I  therefore  evapo- 
rated a  separate  portion  (about  150  cub.  centims.)of  the  water  in  a  phitinum 
dish  to  dryness,  removed  the  soluble  salts  with  a  little  water,  and  added* 
few  drops  of  strong  hydrochloric  acid,  which  was  allowed  to  flow  slowly 
over  the  inner  surface  of  the  dish,  when  even  the  smallest  trace  of  car- 
bonates could  be  detected  by  the  appearance  of  minute  babbles  on  the 
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platinum  surCaoe.  In  thia  way  I  have  examined  a  number  of  i^aters 
between  Tahiti  and  Valparaiso,  and  with  the  general  result  that  in  ocean- 
water  carbonates  are  never  present  except  in  small  quantities,  and  in 
inaDj  samples  they  have  been  absent  iJtogether.  They  are  generally 
present  in  waters  at  or  near  the  surface,  disappearing,  however,  as  the 
depth  from  which  the  water  has  been  taken  increases.  They  are  generaUy, 
though  not  invariably,  absent  in  waters  from  greater  depths  than  400 
fathoms.  They  are  present  or  absent  in  bottom-water  according  to  their 
occurrence  in  the  bottom ;  although  here  also  there  appears  to  be  excep- 
tions, as  I  have  observed  water  taken  from  a  '*  Glohigerina-ooE/d  ^  bottom 
which  contained  no  carbonate. 

In  connexion  with  carbonic  add  I  may  mention  that  I  have  frequently 
tested  waters,  and  especially  bottom-waters,  for  organic  matter.  None 
of  the  methods  in  use  for  determining  this  substance  in  drinking-water 
giving  satisfaction  when  applied  to  sea-water,  I  had  to  content  myself 
with  endeavouring  to  detect  its  presence.  If  the  jeUy-like  organism 
which  had  been  seen  by  some  eminent  naturalists  in  specimens  of  ocean 
bottom  and  called  Bathyhius  really  formed,  as  was  believed,  an  all-per^ 
vading  organic  covering  of  the  sea-bottom,  it  could  hardly  fail  to  show 
itself  when  the  bottom-water  was  evaporated  to  dryness  and  the  residue 
heated.  In  the  numerous  samples  of  bottom-water  which  I  have  so 
examined,  there  never  was  sufficient  organic  matter  to  give  more  than  a 
just  perceptible  greyish  tinge  to  the  residue,  without  any  other  signs  of 
carbonization  or  burning.  Meantime  my  colleague,  Mr.  Murray,  who 
had  been  working  according  to  the  directions  given  by  the  discoverers 
of  BaihyUtu^  had  actually  observed  a  substance  like  **  coagulated  mucus," 
which  answered  in  every  particular,  except  the  want  of  motion,  to  the 
description  of  the  organism ;  and  he  found  it  in  such  quantity  that,  if  it 
were  really  of  the  supposed  organic  nature,  it  must  necessarily  render 
the  bottom-water  so  rich  in  organic  matter  that  its  presence  would  be 
abundantly  evident  when  the  water  was  treated  as  above  described.  There 
remained,  then,  but  one  conclusion,  namely,  that  the  body  which  Mr. 
Murray  had  observed  was  not  an  organic  body  at  all ;  and  on  examining 
it  and  its  mode  of  preparation  I  determined  it  to  be  sulphate  of  lime, 
which  had  been  eliminated  from  the  sea-water,  always  present  in  the  mud, 
as  an  amorphous  precipitate  on  the  addition  of  spirit  of  wine.  The 
substance  when  analyzed  consisted  of  sulphuric  acid  and  lime ;  and  when 
dissolved  in  water  and  the  solution  allowed  to  evaporate,  it  crystallized  in 
the  well-known  form  of  gypsimi,  the  crystals  being  all  alike,  and  there 
being  no  amorphous  matter  amongst  them. 

These  observations  were  made  chiefly  on  the  voyage  from  Hong  Kong  to 
Yokohama  in  the  first  quarter  of  the  year  1875 ;  and  it  subsequently 
occurred  to  me  that  an  approximate  determination  of  the  organic  sub- 
stance in  sea-water  might  be  effected  in  the  following  way : — Supposing 
the  amount  of  carbonic  add  in  the  water  to  be  known,.  let  a  little  per* 
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manganate  of  potash  be  added  to  a  sample  oE  it,  and  let  the  carbonic  acid 
be  determined  in  the  usual  way  by  boiling  the  solution.  If  the  water 
contained  anj  easily  oxidizable  carbon  compound,  we  should  obtain  more 
carbonic  acid  in  the  second  than  in  the  first  determination,  and  the  differ- 
ence would  correspond  approximately  to  the  amount  of  organic  carbon 
present.  In  several  waters  which  I  have  treated  according  to  this  prin* 
ciple,  I  have  found  from  two  to  five  milligrammes  of  carbon  per  litre. 

Observations  on  the  occurrence  of  Manganese  Nodvles  on  the  Seorhotiom. 

Occasionally  pieces  of  stone  of  a  black  colour  have  been  brought  up, 
and  been  found  to  consist  of  peroxide  of  manganese  mainly.  Several 
interesting  specimens  were  obtained  between  Bermuda  and  the  Azores, 
which  were  apparently  steps  in  the  formation  of  the  black  substuice  out 
of  concretions  of  the  bottom  at  the  place  in  question.  They  were 
obtained  on  the  17th  and  27th  June,  and  may  be  divided  into  four 
classes  : — Ist,  those  which  contain  no  manganese  at  all ;  2nd,  those  where 
the  manganese  formation  has  commenced ;  3rd,  those  where  it  is  well 
advanced ;  and  4th,  those  where  the  bulk  of  the  substance  is  peroxide 
of  manganese.  Those  of  the  first  class  are,  as  far  as  can  be  learned  from 
qualitative  analysis  and  microscopical  examination,  merely  mechanical 
aggregations  of  the  bottom  existing  at  the  place  in  question.  Of  a 
white  colour,  and  generally  the  same  appearance,  are  those  of  the  second 
class;  they  contain,  however,  numerous  perforations,  whose  walls  are 
lined  with  a  very  thin  black  film  peculiarly  striped.  On  treating  with 
dilute  hydrochloric  acid,  the  mass  is  found  to  consist  chiefly  of  car- 
bonate of  lime  with  a  considerable  quantity  of  clay.  Strong  hydrochloric 
acid  decomposes  the  latter,  when  a  certain  amount  of  chlorine  is  given  off. 
In  another  concretion,  belonging  to  the  same  class,  the  manganese  is  seen 
forming  in  minute  mammillary  concretions  on  the  outside  surface,  as  well 
as  on  the  tube  linings.  Belonging  to  the  third  class  is  one  (also  brought 
up  on  the  27th  June)  where  the  outside  is  wholly  covered  with  oxide  of 
manganese ;  and  in  cutting  through  the  substance  of  the  stone,  the  layer 
is  seen  to  be  of  a  sensible  thickness  ;  also  all  the  worm-holes  are  seen  to 
be  completely  coated  ;  and  numerous  more  minute  holes  are  found, all  of 
which  are  coated  in  the  same  way.  A  very  considerable  percentage 
of  the  whole  mass  has  thus  become  manganese.  On  the  face  of  a  fresh 
cutting  the  interior  of  the  mass  may  be  seen  to  preserve  its  white  colour. 
From  the  edge  of  the  black  layer  inwards,  however,  the  mass  is  stained 
of  a  brownish  colour,  which  gradually  disappears  towards  the  centre. 
Blackish  brown  veins  are  also  seen  to  traverse  the  whole  mass.  Pulverized, 
it  effervesces  strongly  with  dilute  hydrochloric  add.  The  residue  is 
easily  decomposed  by  strong  acid,  evolving  large  quantities  of  chlorine ; 
silica  is  left  imdissolved  with  a  little  sand.  In  the  hydrochloric-acid 
solution  there  was  found,  besides  alumina,  manganese,  and  a  little  iron, 
a  certain  quantity  of  nickel  and  cobalt.    A  concretion  of  the  fourth  class 
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came  up  on  the  17th  June.  It  is  on  irregpilar  nodule,  about  lj|  inch 
long,  of  a  brownish-black  colour,  haying  its  outside  surface  mammillated 
all  over.  This  mammillated  surface  is  so  peculiar  that,  by  its  means,  the 
manganese  may  be  at  once  recognized.  When  broken  it  is  found  to 
consist  of  irregularly  concentric  layers  of  peroxide  of  manganese,  alter- 
nating with  fine  seams  of  calcareous  and  earthy  matter.  It  contains  a 
small,  white,  earthy  nucleus.  The  broken  surfoce  resembles  the  figuring 
of  polished  walnut  wood.  It  consists  of  peroxide  of  manganese,  alumina, 
iron,  silica,  small  quantity  of  lime,  magnesia,  cobalt,  and  phosphoric  acid. 
Heated  in  the  tube  it  gives  out,  like  all  these  concretions,  water  with  a 
strong  alkaline  reaction, 

The  most  remarkable  occturence  of  peroxide  of  manganese  on  the 
bottom  was  met  with  on  the  18th  February,  in  latitude  35°  45'  N.  and 
longitude  20'*  12'  W.  The  dredge  was  put  over  in  1500  fathoms,  and 
came  up  full  of  dead  coral  of  a  jet-black  colour  on  the  surface.  Some 
of  the  sticks  adhered  to  large  black  masses,  and  on  breaking  them  the 
inside  was  seen  to  be  perfectly  white,  the  black  substance  forming  merely 
a  very  thin  rind  which  cracked  off  easily  on  receiving  a  smart  blow. 
This  black  rind,  as  well  as  the  masses  to  which  some  of  the  sticks  were 
attached,  consisted  of  peroxide  of  manganese,  the  white  part  or  inside 
having  the  composition  of  ordinary  coral  (chiefly  carbonate  of  lime).  The 
black  masses  to  which  some  of  the  sticks  were  attached  present,  like  the 
concretions  ahready  described,  a  minutely  mammillated  appearance  on  the 
outside,  and  when  broken  across  are  seen  to  consist  of  concentric  layers, 
blacker  and  more  compact  towards  the  outside,  and  browner  and  more 
earthy  towards  the  inside.  The  layers  are  separated  from  each  other  by 
numerous  very  fine  layers  of  mud,  chiefly  carbonate  of  lime.  They 
increase  in  number  towards  the  inside,  and  in  some  instances  can  be 
seen  to  be  composed  in  part  of  fragments  of  foraminiferous  shells.  The 
black  mass  was  found  on  analysis  to  consist  of  peroxide  of  manganese, 
alumina,  oxide  of  iron,  silica,  small  quantities  of  lime  and  magnesia,  and 
traces  of  copper,  cobalt,  and  phosphate  of  lime.  Compared  with  the 
manganese  concretions  already  described,  they  appear  to  have  the  same 
chemical  composition,  and  their  internal  structure  in  layers  points  to  a 
similar  mechanical  origin ;  in  fact  they  differ  from  the  others  only  in 
being  fragments  of  much  larger  concretions.  Where  the  coral  sticks 
adhere,  they  do  not  penetrate  into  the  mass  at  all,  but  their  flat  roots 
are  as  sharply  divided  from  the  bUick  mass  as  the  black  rind  is  from  the 
inside  coral. 

On  the  27th  June,  amongst  the  concretions,  a  fragment  of  slate,  coated 
on  the  outside  with  mammillated  peroxide  of  manganese,  was  brought  up. 

The  preceding  notes  on  the  occurrence  of  the  manganese  nodules  was 
written  at  the  Cape  of  Good  Hope,  and  sums  up  our  knowledge  of  the 
subject  at  the  close  of  the  Atlantic  cruise.  In  the  Antarctic  Ocean  the 
soundings  obtained  showed  in  a  remarkable  manner  the  general  com- 
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parative  shaUowne^B,  the  depth  beiug  in  general  under  90CM)  fatliMni* 
WheneTer  tlio  dredge  or  trawl  wm  used  in  that  oeean  it  brought  up 
large  quantities  o£  stones  i  but  they  were  inYambly  fragtoeute,  mare 
or  less  rounded,  of  granitic  and  igneous  rocks,  and  I  did  not  notice 
any  manganese*     On  the  13th  of  M&Tch,  howeretj  when  ap  proof hing 
Australia,  the  depth  increaeed  to  2600  fathoms ;  a  rery  large  haul  of 
manganese  nodules  was  obtained,  preienting  the  same  genettil  chara^ 
teristicB  as  those  in  the  Atlantic.     In  the  Pacific  the  amount   of  mao- 
ganese  found  has  been  immense,  there  being  hardly  a  sounding  where  it 
could  not  be  detected  iu  small  particlee  amongst  the  mud  ;  and,  indeed, 
in  many  parts  the  nodules  occur  in  such  quantity  that  the  sounding-talis 
has  brought  them  up  In  considerable  numbers  at  one  time ;  they  hire 
also  frequently  come  up  sticking  to  the  bottom  of  the  water-bottlei 
Here,  however,  they  have  chiefly  come  under  the  observation  of  mf 
colleague  Mr.  Murray ,  and  will  be  treated  of  tn  his  Beport-     Chemi<»]lf 
they  are  very  much  alike,  as  far  as  quantitatiii-^  analyaij  can  supply 
information*     They  all  contain  one  of  the  higher  oxides  of  manganese  in 
preponderating  amount,  cobalt  and  nickel  in  notable  quantity,  and 'copper 
in  traces,  besides  argillaceous  and  often  sandy  matter.     I  hope,  when  the 
cruise  is  over,  to  be  able,  hy  means  of  quantitative  analysis,  to  render  ■ 
detailed  account  of  tlieir  nature,  from  which  it  may  perhaps  be  possible 
to  obtain  some  hints  as  to  their  origin  and  developments 

Mince  the  discovery  of  this  most  remarkable  and  uuoxpef■*f^^i  ^Hvunenos 
of  a  mineral,  having  much  resemblance  to  psUomelane,  evidently  forming 
at  the  bottom  of  the  sea,  I  have  taken  every  opportunity  of  examining 
specimens  of  peroxide  of  manganese  from  terrestrial  sources;  and  in 
many  cases  I  have  found  them  to  resemble  the  marine  mineral  in  several 
points,  especially  in  nodular  structure  and  in  giving  off  alkaline  water 
when  heated.  Some  peroxide  of  manganese  which  I  got  from  the  mines 
near  Paarl,  about  thirty  miles  from  Cape  Town,  had  most  perfectly 
nodular  structure,  but  was  extremely  hard,  whereas  our  nodule«,  when 
freshly  brought  up,  can  generally,  although  not  invariably,  be  easily  cut 
with  a  knife ;  but  they  increase  very  markedly  in  hardness  when  exposed 
to  the  air,  even  for  only  a  few  weeks.  I  do  not  attach  rery  much  im- 
portance to  the  fact  of  its  giving  out  alkaline  water,  for  this  is  a  pro- 
perty which  I  have  found  to  be  very  generally  possessed  by  rocks  aad 
minerals.  Of  the  zeolites,  for  instance,  which  were  found  in  Kerguelen, 
there  was  not  one  which  did  not  giye  out  alkaline  water  with  a  very  pei^ 
ceptible  empyreumatic  smell  when  heated. 

It  has  been  mentioned  above  that  the  dredge  frequently  brought  np 
large  quantities  of  stones  in  the  Antarctic  Ocean.  Amongst  them  were 
almost  invariably  fragments  of  granite  or  syenite,  as  well  as  of  both 
basalt  and  trachyte.  On  the  2nd  February,  1874,  when  between  Ker- 
guelen and  Heard  Islands,  a  very  large  quantity  of  stones  was  brought 
up  in  the  dredge  from  a  depth  of  160  fathoms.    Amongst  them  were  a 
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piece  of  granite,  also  two  varietieB  of  basalt,  one  coarse-grained  with 
porphyritic  olivine,  and  the  other  exceedingly  fine-grained  and  compact, 
without  any  separate  crystals  being  visible  to  the  naked  eye.  It  was 
chiefly  remarkable  from  the  fact  that  the  stones,  though  fresh  from  the 
bottom  and  still  quite  wet  outside,  were,  when  broken,  perfectly  dry 
inside,  the  moisture  not  having  penetrated  beyond  the  thickness  of  a 
sheet  of  paper.  The  edges  of  these  stones  were  less  rounded  than  those 
of  the  other  species  which  accompanied  them.  In  order  to  be  perfectly 
Bnre  that  there  was  no  mistake,  I  broke  about  a  dozen  of  them,  the 
species  being  easily  recognized  by  the  edges  of  the  stones  being  less 
rounded  than  those  of  the  others,  and  always  with  the  same  result ;  \ihLle 
those  of  the  other  species  were  not  only  wet  inside,  but,  especially  in  the 
trachytic  ones,  decomposition  in  concentric  shells  had  made  considerable 
advances.  As  a  drop  of  water  applied  to  the  fractured  &ce  was  readily 
and  quickly  absorbed,  I  can  only  account  for  the  dryness  inside  by  con- 
sidering that  the  stones  in;  question  had  passed  but  a  very  short  time 
under  water.  As  they  were  found  in  lat.  52°  S.,  and  the  first  iceberg 
was  only  met  with  in  60°  S.,  it  would  be  difficult  to  imagine  that  they 
had  come  ice-borne  from  the  Antarctic  land ;  at  the  same  time  it  was 
equally  difficult  to  imagine  any  other  adequate  means  of  conveyance 
than  ice.  I  believe  that  they  come  from  Heard  Island,  whose  ice-bound 
shores  are  constantly  despatching  miniature  bergs  into  the  sea,  which, 
from  their  insignificant  size,  would  suffer  rapid  destruction  alike  from 
the  violence  of  the  seas  and  from  the  temperature  of  the  water,  which, 
on  the  occasion  in  question,  was  between  3°  and  4°  C.  Many  small  ice- 
masses,  such  as  I  have  supposed,  were  floating  off  the  southern  shore  of 
Corinthian  Bay,  which  on  this  side  had  a  continuous  icy  coast-line  formed 
by  a  glacier  descending  from  the  central  high  grounds  which  culminate 
in  Kaiser  Wilhelm  Peak,  and  reaching  the  sea  both  on  the  west  and  on 
the  east  side  of  the  inhabited  isthmus,  as  I  have  described  in  my  short 
note  on  the  island.  The  position  where  the  stones  were  dredged  is 
within  100  miles  of  Heard  Island,  and  through  the  above-mentioned 
agency  there  must  be  a  constant  conveyance  of  the  dSris  of  the  island 
out  to  sea,  which  would  account  for  the  very  stony  character  of  the 
bottom  found. 

Ohaervations  on  SeorwtUer  Ice. 

Many  different  opinions  have  been  expressed  as  to  the  nature  of  ice 
resulting  from  the  freezing  of  sea-water,  all  agreeing,  however,  in  one 
point,  that  when  melted  the  water  is  unfit  to  drink.  During  the 
Antarctic  cruise  I  took  an  opportunity  of  examining  some  of  the  broken 
pack-ice,  into  which  the  ship  made  an  excursion  on  the  morning  of  the 
25th  of  February,  and  also  some  ice  which  had  formed  over  night  in  a 
bucket  of  sea-water  left  outside  the  laboratory  port. 

The  piece  of  pack-ice  which  I  examined  was  in  substance  clear,  with 
many  air-bells,  most  of  them  irregularly  shaped.    Two  portions  of  this 
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ice  were  allowed  to  melt  at  the  temperature  of  the  laberatary,  wlufli 
raiit'ed  from  2"  to  7"  C,  The  melting  thus  took  pluoo  very  slowlj,  and 
made  it  possible  to  exattiiue  the  watar  fractioaally.  My  experimctiU 
cotuJisted  in  det-ercaiuiiig  the  chlorine  in  the  water  by  meaoB  of  tenth- 
normal nitrate  o£  ailyer  aolution,  and  observing  the  temperature  of  tbe 
ice  when  melting, 

A  lump,  which  when  melted  was  found  to  measure  625  eub.  eentiM^., 
was  allowed  to  melt  gradually  in  a  poreelaJn  dbh.  When  about  lOO  cab, 
centims.  had  melted,  50  cub.  c^iitims.  were  taken  for  the  deter miuitioii 
of  the  chlorine  ;  they  required  IB- 6  cub,  centims,  silrer  g^jbiHon,  oo^> 
spending  to  0'0483  gramme  chlorine.  \Vlien  660  cuK  t^entima.  bd 
melted,  50  cub.  centime,  were  titrated,  and  required  l^H  cub*  r^^ntiffl* 
silver  aolatioo,  corresponding  to  0-0057  gramme  chlorine.  The  reinAiiider 
{65  cub.  centims.)  of  the  ice  waa  then  melted  and  00  cub.  centim*. 
titrated ;  they  required  0^39  cub.  t^ntim,  silver  solution,  oorresponding 
to  0^0014  gramme  chlorine.  We  have,  then,  io  the  first  50  cub.  cent iiBs. 
0*0483  gramme  chorine,  in  the  next  510  cub.  centims.  0*0579  gramme 
chloriiie,  and  in  the  last  65  cub»  centims*  O'OOlo  gramme-  Heatv  tlie 
whole  lump  (625  cub,  centims.)  contained  0*1077  gramme  chlorine^  or, 
on  an  average,  0-1723  gramme  chlorine  per  litre.  A  qualitative  muiljiij 
of  the  water  showed  lime,  m^nesia,  and  sulphuric  acid  to  be  present. 

Another  piece  of  the  ice  was  pounded  and  allowed  to  melt  in  a  bealcer- 
When  about  half  was  melted,  the  water  was  poured  off  and  found  t-^  '^^ 'ii- 
sure  95  cub.  centims.;  75  cub.  centims.  were  titrated  with  silver  solution, 
and  required  1*9  cub.  centim.  The  remainder,  when  melted,  measured 
130  cub.  centims.,  and  required  0*9  cub.  centim.  silver  solution.  Hence 
the  first  fraction  of  95  cub.  centims.  contained  0*0085  gramme  chlorine, 
and  the  second  of  130  cub.  centims.  0-0032  gramme  chlorine.  The  whole 
quantity  (225  cub.  centims.)  of  ice,  therefore,  contained  0*0117  gramme 
chlorine,  or,  on  an  average,  0*0520  gramme  per  litre. 

From  these  results  it  is  evident  that  the  ice  under  examination  was 
very  far  from  being  an  homogeneous  body ;  and,  indeed,  nothing  else 
could  be  expected,  when  it  is  borne  in  mind  that  the  ice  in  question  owes 
its  existence,  not  only  to  the  ho^id  fide  freezing  of  sea-water,  but  also  to 
the  snow  which  falls  on  its  surface  and  is  congealed  into  a  compact  mass 
by  the  salt-water  spray  freezing  amongst  it. 

The  ice  formed  by  freezing  sea- water  in  a  bucket  was  found  to  bare 
formed  all  round  the  bottom  and  sides  of  the  bucket,  and  forming  a 
pellicle  on  the  surface,  from  which,  and  from  the  sides  and  bottom,  the 
ice  had  formed  in  hexagonal  planes,  projecting  edgewise  into  the  water. 
The  water  was  poured  off,  the  crystals  collected,  washed  with  distilled 
water,  pressed  between  filtering-paper,  and  one  portion  melted.  It 
measured  9  cub.  centims.,  and  required  4  cub.  centims.  silver  solution, 
corresponding  to  0*0142  gramme  chlorine,  or  1*5780  gramme  per  litre. 
The  other  portion  was  used  for  determining  the  melting-point.    The 
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thennometer  used  was  one  of  QeisBler's  normal  ones,  divided  into  tenths 
of  a  degree  Centigrade,  whose  zero  had  been  verified  the  day  before  in 
melting  snow.  The  melting-point  of  the  ice-crystals  was  found  to 
be  — 1°*3.  The  temperature  of  the  melting  mass  was  observed  to  re- 
main constant  for  twenty  minutes,  after  which  no  further  observations 
were  made. 

In  the  same  way  the  melting-point  of  the  pack-ice  was  determined. 
The  fresh  ice  began  to  melt  at  —1°;  after  twenty  minutes  the  thermc^- 
meter  had  risen  to  —  0°'9,  and  two  hours  and  a  half  afterwards  it  stood  at 
— 0°*3,  having  remained  constant  for  about  an  hour  at  —  0®*4.  Another 
portion  of  the  ice  rose  more  rapidly ;  and  when  three  fourths  of  the  ice 
was  melted,  the  thermometer  stood  at  0°. 

These  determinations  of  the  temperature  of  melting  sea-water  ice  show 
that  the  salt  is  not  contained  in  it  in  the  form  of  mechanically  enclosed 
brine  only,  but  exists  in  the  solid  form,  either  as  a  single  crystalline 
substance,  or  as  a  mixture  of  ice  and  salt  crystals.  Common  salt,  when 
separating  from  solutions  at  temperatures  below  0°,  crystallizes  in  hexa« 
gonal  planes ;  sea-water  ice,  therefore,  may  possibly  have  some  analogy 
to  the  isomorphous  mixtures  occurring  amongst  minerals. 

A  very  important  practical  consequence  follows  from  these  observa- 
tions, namely,  that  pack-ice,  though  unfit  to  drink  when  a  lump  of  it  is 
melted  as  a  whole,  may  serve  as  a  source  of  fresh  water  if  melted  frao- 
tionally.  As  the  melting-point  of  the  salt  ice  is  lower  than  that  of  pure 
ice,  it  melts  first,  and  at  the  same  time,  by  keeping  down  the  temperature 
of  the  mass  to  its  own  melting-point,  it  prevents  any  of  the  fresh  ice 
being  wasted.  When  the  salt  ice  has  all  been  melted  the  brine  may  be 
thrown  away,  and  the  remainder  of  the  ice  will  supply  fresh  water.  If 
a  thermometer  be  kept  in  the  ice  during  the  process  of  melting,  it 
will  indicate  by  its  reading  when  drinkable  water  is  being  formed. 

Observations  made  on  Shore  in  some  of  the  Islands  visited. 

Viewed  from  the  sea,  the  island  of  St.  Vincent,  one  of  the  Cape-Verd 
group,  presents  an  extremely  rugged  and  desert  appearance,  which  it  pre« 
serves  even  upon  the  closest  inspection.  The  hills  roimd  the  harbour 
consist  of  interbedded  igneous  rocks,  the  individual  beds  being  seldom 
over  three  or  four  feet  thick,  and  generally  only  about  two  feet,  dipping 
at  a  gentle  angle  away  from  the  centre  of  the  harbour.  These  beds  are 
much  cut  up  by  vertical  dykes  of  basaltic  rock  running  in  two  principal 
directions,  namely,  north  and  south  and  east  and  west.  They  fi^uently 
present  an  eminently  columnar  cleavage  in  the  direction  of  their  breadth. 
Many  of  the  beds  which  form  the  mass  of  the  hill  are  of  similar  nature 
and  cleave  in  the  same  way.  The  rock  on  each  side  of  these  basaltic 
masses,  whether  beds  or  dykes,  is  generally  much  altered,  and  has 
suffered  considerable  disintegration  and  decomposition,  being  frequently 
transformed  into  a  mass  of  kaolin  in  the  neighbourhood  of  the  basalt. 
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The  effect  of  h^t  in  rendering  msmj  minemk  which  occur  in  igoooui 
rocks  deeomposable  by  addi  is  well  knoTAH,  and  may  furnish  an  ei- 
plajiation  of  the  above-named  phenomena.  As  the  dykes  extend  to  tk 
Tery  tops  of  the  hills,  and  the  adjacent  rock  is  weathered  a  way  laainng 
ihem  projecting,  the  outline  of  the  hills  getd  a  peeuliaj*  serrated  apjwe- 
ance,  whieh  is  veiy  characteristic  of  the  island.  The  spurs  which  project 
from  the  msin  ranges  into  the  plains  are  always  found  to  depend  for  tieir 
height  and  direction  ou  one  of  these  basaltic  dykes,  which  can  be  fdJovtl 
all  the  way  along  their  crest* 

In  many  of  the  rocks,  where  their  character  is  cellular^  their  cells  iii 
fDled  ^ith  geodes,  in  some  cases  of  carboniite  of  lime,  and  in  others  d 
zeolite.  The  rocks  are  nearly  aU  of  a  porphyritic  character  from  eryitils 
of  augite  separated  oitti  The  most  eommou  rock  contains  Iat]ge  au^tes 
in  a  light  grey  ground-mass.  The  crystals  are  frequently  arrang^^  in 
hands  ^s-ith  their  longer  axes  parallel  to  each  other  and  in  the  direction 
of  the  banda*  Nothmg  approaching  to  either  obi^idian  or  pumice  wm 
observed  in  any  part  of  the  island*  Besid'^a  the  igneous  rocks,  iher?^  ii 
in  the  plain  on  which  the  town  stands  and  to  the  south  of  it  a  catciM^oas 
formation  consisting  of  shells,  corals,  and  rounded  pebbles  of  the  neigh- 
bouring rocks^  unit43d  by  a  firm  paste  of  a  white  and  sometimes  of  * 
reddish  colour  ;  also,  from  the  eons  taut  prevalence  of  winds  from  one 
quarter,  the  sand  from  the  beach  has  been  distributed  over  the  pl^ni 
and  in  the  valley.  At  the  south  side  of  the  harbour  there  are  dunes  of 
blown  sand,  which  in  some  places  is  consolidated  into  rocks  similar  to 
those  of  Bermuda.  Here,  however,  the  sand  does  not  consist  purely  of 
carbonate  of  lime,  but  of  the  debris  of  shells  and  volcanic  material  miied. 
Hence  the  consolidation  of  it  into  rock  is  not  so  easy,  even  if  there  was 
the  quantity  of  rain  to  do  it.  On  the  sand  hiUs  the  wind  produces  the 
usual  beautiful  ripple-mark,  and  the  mixed  character  of  the  sand  makes 
the  levigating  action  of  the  wind  very  apparent,  the  light  calcareous 
particles  being  swept  into  the  eddies  under  the  crest  of  the  ripple,  the 
heavy  volcanic  debris  remaining  on  the  surface.  As  the  colour  of  the 
latter  is  generally  black  and  that  of  the  former  white,  a  sand  hill  looks 
lighter  or  darker  according  as  it  is  viewed  from  the  weather  or  from  the 
lee  side. 

We  were  told  that  on  the  other  side  of  the  island  there  were  tolerably 
perfect  craters  ;  we  were,  however,  unable  to  visit  them.  In  the  neigh- 
bourhood of  the  harbour  there  was  no  vestige  of  recent  volcanic  action. 
At  St.  Paulas  rocks  the  ship  was  made  fast  to  the  rocks,  and  as  we  re- 
mained there  over  thirty-six  hours  we  had  ample  time  to  thoroughlj 
explore  them.  They  were  visited  by  Darwin  in  the  *  Beagle,'  and  serenl 
times  later  by  other  ships.  As  the  nature  of  the  rocks  appears  to  pre- 
sent some  difficulty  to  geologists,  I  made  as  complete  a  collection  of 
them  as  I  could,  and  they  will  be  sent  home  with  the  other  collections 
from  this  place.      The  white  enamel-lite   incrustation  mentioned  by 
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Darwin,  I  found  only  on  the  southern  island.  On  the  northern  island 
the  bulk  is  composed  of  what  I  take  to  be  Darwin's  ^'  yellowish  harsh 
stone,  split  up  into  numerous  pseudo-fragments."  These  last  have  an 
appearance  which  recalls  that  of  weathered  orthoclase  crystals.  All  of 
these  rocks  give  off  alkaline  water  when  heated  in  the  closed  tube,  and 
consist  of  hydrated  silicate  of  magnesia  with  alumina  and  protoxide  of 
iron  in  subordinate  quantity.  They  may  therefore,  I  think,  be  classed 
as  serpentine ;  and  the  aboye-mentioned  resemblance  to  orthoclase  crystals 
may  perhaps  afford  some  indication  of  the  parent  rock.  Of  the  more 
recent  reins  mentioned  by  Darwin,  some  are  bordered  on  both  sides  by 
black  bands.  These  bands  consist  of  a  hard  infusible  substance.  The 
powder  has  a  dirty  greyish  green  -colour,  and  effervesces  with  dilute 
hydrochloric  add,  leaving  a  blown  insoluble  residue.  In  strong  hydro- 
chloric add  it  dissolves  with  evolution  of  chlorine,  and  the  colour  pheno« 
mena  of  dissolving  peroxide  of  manganese.  It  was  found  to  consist  of 
phosphate  of  lime,  peroxide  of  manganese,  a  little  carbonate  of  lime  and 
magnesia,  and  traces  of  copper  and  iron.  Like  the  other  rocks  it  gives 
off  alkaline  water  in  the  dosed  tube. 

At  Eemando  Noronha  some  of  the  smaller  islands  at  its  N.E.  ex- 
tremiiy  were  visited.  The  highest  of  these,  St.  Michael's  Mount,  forms 
one  of  the  prominent  peaks  which  are  characteristic  of  the  group.  It  is 
very  steep  and  formed  entirely  of  phonolite,  which  occurs  columnar  at 
the  base  and  massive  towards  the  top.  On  the  western  side,  where  we 
landed,  the  columns  are  inclined  to  the  horixon  at  an  angle  of  about  30°. 
Their  transverse  section  looks  nearly  square,  the  comers,  however,  being 
considerably  rounded  off.  The  columns  are  for  the  most  part  slender, 
and  their  mass  is  of  a  dirty  green  colour.  In  this  the  sanidin  crystals 
are  arranged  with  great  regularity,  with  their  broadest  &ce8  in  a  plane 
perpendicular  to  the  length,  of  the  column.  The  sides  of  the  mount  are 
covered  with  loose  blocks  of  massive  phonolite  fallen  down  from  above, 
and  retained  in  position  on  a  very  steep  incline  by  the  branches  of  most 
luxuriant  creeping  plants.  On  the  weathered  sides  of  these  blocks  the 
sanidin  crystals,  and  also  the  hornblende  ones,  though  in  less  degree, 
project  sometimes  as  much  as  a  quarter  of  an  inch.  This  rock  possesses 
also,  in  a  most  eminent  degree,  the  characteristic  property  from  which 
it  has  derived  its  name  of  phonolite ;  when  struck  with  the  hammer  it 
rings  like  a  bell.  The  mount  is  cleft  from  top  to  bottom  in  two  places, 
nearly  at  right  angles  to  each  other.  These  clefts  are  filled  up  with  a 
hard  fiinty  lookiog  substance,  which  appears  from  its  structure  to  have 
been  gradually  deposited  by  water  trickling  down  the  sides.  Its  mass  is 
concretionary  and  sometimes  foliated ;  its  colour  is  white,  to  yellowish 
white  or  brownish  yellow.  It  scratches  glass  with  ease,  and  does  not 
effervesce  with  add.  Plates  of  2  to  3  millims.  thickness  are  quite 
translucent.  Heated  in  the  forceps  it  does  not  fuse,  but  turns  perfectly 
white,  and  is  then  easily  crumbled  between  the  fingers.    In  the  closed 


Digiti 


zed  by  Google 


GU 


Mr.  J.  YTSncEanan'on  Qm^eafr^ri 


tube  it  gtvpe  off  alkalinc^reactiog  and  emp}Teumatic-smelling  irater.  It 
^*as  found  to  consist  of  phosphate  of  alumina  and  iron,  with  tsoiii©  iilici*« 
and  sulphate  of  lime* 

Besides  St*  MichaeVs  Mount,  Eat  I&land  and  Platform  Island  were 
landed  upon*  Eiit  iBland  ia  the  largest  of  the  secondary  islandSj  *ud 
the  one  most  distant  from  the  main  island.  It  is  compoised  on  the  weeU?ra 
side  of  masiHive  basaltic  rock,  and  on  the  eastern  of  sandstone .  This 
latter  probably  overlies  the  basalt,  as  in  its  structare  it  bears  the  marki 
of  having  been  deposited  in  drifts,  and  the  sand  is  calcareous,  consiiktini 
of  shell  debris.  On  our  way  to  and  from  Eat  Island  we  had  to  paw*  iJl 
along  the  western  side  of  Booby  Island.  The  wave- worn  cliffs  showid 
that  the  island  was  entirely  formed  of  the  above-mentioned  calcare«)Ui 
sandstone.  Ko  igneons  rock  was  visible  at  all;  and  as  the  peculiar  wind- 
blown stratification  marks  are  continued  below  the  level  of  the  »ca,  it  i» 
probable  that  the  land  here  ia  sinking,  or  at  least  has  sunk* 

Platform  Island  consists  of  a  mass  of  perfect  basaltic  colunms  ri^g 
out  of  the  water,  and  supporting  a  covenug  of  mansive  basalt,  on  whi<Ji 
ift  spread  out  the  platform  of  calcareous  rock^  on  which  are  the  mini  d 
an  old  fort,  and  from  which  the  island  doubtless  take*  its  name- 

A  daj  was  spent  on  each  of  the  islands  of  the  Tristan  d'Acunha 
group.  It  coiiBiets  of  three: — Tristan,  the  largest.  Inaccessible, aad 
Nightiugalo-  The  last  is  more  properly  a  group  of  islands  studded  iH 
round  witli  i.KriJafj'd  rof^lis.  Tim  dilHcult  natun^  nf  the  trruui^fl  iii  Tti.u^ 
cessible  and  Nightingale,  and  that  combined  with  the  uncertain  state  of 
the  weather  when  at  Tristan,  rendered  excursions  to  a  distance  from  the 
landing-place  impossible.  The  rock  specimens,  therefore,  which  have 
been  collected  are  all  from  the  neighbourhood  of  the  landing-places. 
Each  island  has  its  distinctive  features.  Inaccessible  is  a  raised  plateau, 
bounded  on  all  sides  by  clifPs  over  1000  feet  high,  which  plunge  directly 
into  the  sea.  Looked  at  from  the  sea,  there  is  no  appearance  of  a  crater 
on  the  top,  the  only  inequalities  in  the  surface  being  apparently  due  to 
erosion.  The  waterfalls,  which  tumble  from  the  cliffs,  afford  most 
picturesque  proof  of  the  abundance  of  water  above.  Tristan  Island,  like 
Inaccessible,  consists  of  a  very  similar  plateau,  bounded  by  cliffs  of  about 
the  same  height  and  almost  equally  impracticable.  This  plateau,  how- 
ever, is  surmounted  by  a  lofty  peak  rising  to  the  height  of  8300  feet 
above  the  sea.  Nightingale  Island  differs  from  the  other  two  as  much 
in  geological  structure  as  in  outward  appearance.  The  principal  islaad 
rises  from  the  sea  in  low  cliffs,  nowhere  on  the  eastern  side  exceediug 
30  or  40  feet,  and  generally  lower.  At  the  south  end  the  ground  rises 
from  these  cliffs  by  several  steep  ascents  to  the  peak  1105  feet  high, 
which  on  its  northern  side  presents  a  nearly  perpendicular  face  of  about 
half  its  height  from  the  sea.  The  rest  of  the  island  is  more  undulatbg, 
the  h'ght  grey  rocks  appearing  only  here  and  there  through  the  openings 
in  the  long  tussac  grass.     Of  recent  volcanic  action  there  appears  to 
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be  no  trace.  The  shore  clifiEs  consist  of  a  conglomerate,  or  rather 
breccia,  of  generally  light-coloured  doleritic  fragments  in  a  white  fel- 
spathic  matrix.  These  are  overlaid,  in  places,  by  a  bed  of  old  igneous 
rocks.  The  peak,  which  I  did  not  reach,  is  composed  of  light  grey  sub- 
columnar  rock.  All  along  the  top  of  the  cliffs,  and  about  35  feet  above 
the  sea,  an  ancient  beach  is  seen  to  run ;  and  the  huge  caves,  at  a  con- 
siderable height  above  high-water  mark,  afford  additional  evidence  of  the 
rising  of  the  land.  The  middle  island,  which  I  explored,  consisted 
entirely  of  the  above-mentioned  breccia,  and  even  at  its  highest  point 
(150  feet)  it  was  much  water-worn.  Dykes  are  by  no  meims  so  frequent 
in  this  as  in  the  other  islands.  Where  they  occur  penetrating  the  breccia, 
the  latter  appears  to  be  rendered  more  easily  decomposable,  the  result 
being  that  the  dykes  form  the  axes  along  which  creeks  or  inlets  indent 
the  shore.  In  the  island  of  Tristan,  the  gully  behind  the  settlement,  in 
the  centre  of  which  the  spring  rises  which  supplies  the  village  brook,  is 
formed  in  a  similar  way.  It  is  backed  by  a  vertical  dyke  (if  a  mass  at 
least  sixty  yards  wide  can  be  called  so)  of  rock  similar  to  that  observed 
on  Nightingale,  and,  like  it,  it  has  altered  the  adjacent  rock  considerably; 
and,  probably  from  the  pressure  of  the  sides  during  its  injection,  it  has 
a  most  perfect,  almost  slaty  cleavage,  which  renders  it  easily  disintegrable, 
though  it  does  not  appear  to  decompose  easily.  Dykes  of  this  descrip- 
tion, but  of  usually  not  more  than  1  or  2  feet  in  thickness,  traverse  the 
rocks,  seen  in  section  in  the  face  of  the  cliff,  both  in  Tristan  and  Inac- 
cessible, in  great  numbers.  Besides  these,  there  are  others  of  a  very 
compact,  fine-grained,  basaltic  rock  intersecting  the  nearly  horizontal 
layers,  which  form  the  cliff,  in  all  directions,  and  showing  very  marked 
differences  in  texture  at  the  sides,  where  the  action  on  the  contiguous 
rock  is  apparent.  In  one  of  the  specimens  collected  the  rock  in  the 
interior  of  the  dyke  is  of  the  usual  light  colour,  while  the  edge  is  marked 
by  a  black  obsidian-like  band  of  half  an  inch  breadth,  as  sharply  defined 
from  the  internal  mass  as  if  it  had  been  painted. 

The  cliffs,  being  quite  perpendicular  and  naked,  give  a  good  view  of  a 
vertical  section  of  the  island.  At  their  base  the  rubbish  fallen  down 
from  them  has  accumulated  to  a  heap  reaching  sometimes  quite  100  feet 
up  the  face.  I  had  thus  the  opportunity  of  observing  two  sections 
of  what  had  been  valleys  or  hoUows,  but  which  were  filled  up  with 
finely  levigated  volcanic  material.  From  the  arrangement  of  the  material 
I  should  think  that  it  had  been  erupted  by  a  subaerial  volcano  and 
fallen  into  a  bay,  where  it  had  gradually  settled.  If  such  has  been 
the  case,  it  furnishes  additional  evidence  of  the  rising  of  the  land  in 
these  parts. 

During  the  cruise  between  the  Cape  of  Oood  Hope  and  Melbourne 
three  islands  were  landed  on,  namely,  Karion,  Kerguelen,  and  Heard 
islands.  On  the  first  of  these  a  day  was  spent.  The  soft  mossy  nature 
of  the  ground  made  the  walking  very  heavy,  which,  combined  with  the 
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neeeisity  nf  being  at  aay  time  prepared  to  join  tlae  ship  m  caae  t>f  e^iAtigi 
or    weatlior,  readenxl  any  eipedition  far  from  the   coast  impoisibk 
Viewed  from  tlie  sea,  the  roekj  shores  or©  »6*in  to  be  iurmoimted  bj  m 
undulating  country  covered  with  herbage,  wliiek,  a«  the  height  inereBi€«, 
passes  iuto  a  barren  mountain  cluster  mth  many  sharp  and  somet^iiEiei 
perfectly  conical  peaks.     Tht^  highest  of  these  were  cor€«^  with  mmt 
and  for  the  greater  part  of  the  day  enYOloped  in  mist ;  the  lower  mm 
were  mostly  of  a  bright  brick-red  colour.     "WTiere  the  coast  cliffii  could 
bo  viewed  they  show-ed  layers  of  compact  and  breccia  ted  lavas  of  n«  gml 
thickneBS.     Having  landed  at  the  mouth  of  a  watercourse,  I  tniTenid 
the  beach  to  the  westward  until  I  reached  the  next  fEtfftam,  which  I 
foUow^ed  9ome  distance  inland.     When  the  swampy  moss-i-overed  gruiuii 
whose  uniformly  dull  green  coloiu*  was  relieved  here  and  there  by  the 
snowy  piumage  of  the  nestiug  albatn^s,  had  been  left  behiud,  the  ptreiia 
was  found  to  flow  over  an  apparently  Yery  recent  stream  of  black  cel- 
lular lava,  whose  ripples  and  eddies  were  still  ijerfectlj  fresh,  eiceptin 
the  very  centw,  where  thej  had  suSered  some  slight  abrsaton  ;  ol  uqr 
hollowing  action  on  the  part  of  the  water^  however,  there  wae  no  trMe, 
the  wiudLDgs  and  little  waterfalls  being  stUl  determined  by  the  origiail 
iuequalities  of  the  solidifying  rock.     The  lava  was  b&saltic^  contamiDj^ 
much  olivine.     Close  by  the  bed  of  the  stream  rote  severa)  of  the  aboTfr- 
mentioned  red  conical  hilJs,     One  of  these,  the  highest  within  reach,  md 
the  only  ojk^  T  hnd  iUiu^.  fn  ascend,  ron^l'^'M  <'f   n   h^^^r^  (if  lorw*'  si>^>ri» 
dipping  away  on  all  sides  at  a  regular  and  very  steep  angle.    Few  of 
these  pieces  of  scoriso  were  more  than  six  inches  in  diameter  ;  and  had  it 
not  been  for  the  occasional  clumps  of  moss,  which  alone  afforded  a  sore 
footing,  the  ascent  would  have  been  a  matter  of  considerable  time.    At 
the  top  was  a  perfectly  conical  pit,  and  slightly  below  the  summit,  on  the 
north  side,  were  three  smaller  and  similar  pits.     The  scorifld  of  which 
the  hill  is  made  up  consisted  of  a  highly  cellular  red  ground-mass,  with 
indications  of  augite,  without,  however,  any  perfect  crystals  being  dis- 
cernible.    Besides  the  red  sooriaB,  there  were  some  of  a  chocolate-brown 
colour,  with  frothy  exterior  and  compact  kernel.     The  shape  of  some  of 
them  resembled  the  almond-shaped  bombs  found  in  many  volcanic  dis- 
tricts ;  but  I  did  not  notice  any  with  the  dense  outside  and  highly  cellular 
core  so  characteristic  of  the  true  volcanic  bomb.     Besides  this  bill  there 
were  five  or  six  others  precisely  similar  in  appearance,  and  rising  out  of 
the  same  valley  or  depression  in  the  ground.     From  the  top  of  the  hill 
this  depression  could  be  seen  to  be  bounded,  towards  the  interior,  by  a 
semicircular  cliff  of  rock,  in  some  parts  columnar,  and  open  towards  the 
sea.     Above  this  cliff  rose  the  snow-covered  cones  and  peaks  of  the  in- 
terior, which,  wherever  the  snow  had  been  removed,  showed  the  same 
red  colour  and  steep  sides,  so  that  there  can  be  little  doubt  of  their  being 
similarly  formed  to  those  on  the  lower  ground.     On  leaving  the  stream- 
bed  and  returning  to  the  eastward  over  the  spur  of  the  mountain,  the 


Digiti 


zed  by  Google 


done  on  board  H.M.8. '  Challenger.'  617 

aboYe-mentioned  cliff  had  to  be  skirted,  and  it  was  foond  to  consist  of  a 
light  grey  compact  doleritic  rock. 

From  these  few  observations  it  may  be  concluded  that  the  island  con- 
sists of  a  foundation  of  older  igneous  rock  ruptured  and  surmounted  by 
recent  volcanoes.  That  these  have  been  active  at  no  very  ancient  date  is, 
I  think,  rendered  probable  by  the  perfect  preservation  of  the  forms  of 
tiie  cones  with  their  smnmit  craters,  and  by  the  fact  that  the  mossy 
vegetation  so  luxuriant  at  their  base,  and  retaining  this  luxuriance  on 
the  certainly  older  mountain-spurs  to  an  elevation  at  least  equal  to  that 
of  the  top  of  the  cone  ascended,  has  as  yet  spread  up  their  sides  only  in 
straggling  isolated  patches. 

The  evidence  afforded  by  the  want  of  erosion  deserves  all  the  more 
weight  when  the  position  of  the  island  is  remembered,  where,  of  necessity, 
the  rainfall  must  be  considerable. 

The  island  of  Kerguelen  was  visited  at  various  points  on  the  north- 
eastern and  south-eastern  coasts.    The  first  part  touched  at  was  Christ- 
mas Harbour,  already  visited  by  Ckx>k,  Boss,  and  other  navigators.    It 
is  a  deep  inlet  surrounded  by  high  rocky  banks,  which  are  in  many 
places  quite  precipitous.     At  the  head  of  the  bay  there  is  an  extensive 
sandy  beach ;  and  the  ground  behind  it  slopes  at  a  tolerably  easy  gradient 
up  to  the  top  of  the  ridge,  which  is  occupied  by  a  large  lake.     From  a 
ship  anchored  in  the  harbour  an  exceUent  general  view  of  the  arrange- 
ment of  the  rocks  can  be  obtained;  they  are  seen  to  be  arranged  in 
apparently  perfectly  horizontal  beds,  the  separation  lines  of  the  different 
beds  being  easily  traced  all  round  the  harbour.    Where  the  sides  are 
not  precipitous  the  summit  of  the  ridge  is  attained  by  a  series  of  terraces, 
and  the  summit  of  the  ridge  is,  as  might  have  been  expected,  almost  per- 
fectly flat.     The  continuity  of  the  flat-topped  surfaces,  both  of  the 
northern  and  of  the  southern  ridges,  is  broken  by  the  two  most  con- 
spicuous objects  in  the  landscape,  namely,  Table  Mountain  on  the  north, 
and  one  unnamed  on  the  south.    This  rock-mass  does  not  project  above . 
the  horizontal  hill-top,  but  rather  appears  to  stand  out  from  it  like  a 
huge  boulder.    The  summit  of  the  ridge  has  been  called  Mount  Havergal ; 
but  it  is  formed  of  the  ordinary  bedded  rock,  this  "  neck  "  of  conglomerate 
not  reaching  any  greater  height  than  that  of  the  contiguous  parts  of  the 
ridge.    These  bills  belong  to  a  class  representatives  of  which  were  found 
again  in  the  south  in  Greenland  Harbour ;  and  as  they  resemble  each 
other  closely  they  will  be  described  together.    In  both  places  they  pro- 
trude through  the  horizontal  beds  of  basalt,  differing  from  these  and 
from  each  other  in  nature,  and  without  having  caused  any  apparent 
disturbance  in  the   arrangement  of  the  beds   which  surround  them. 
The  horizontal  beds  which  form  the  mass  of  the  land  are  basaltic,  and 
vary  from  10  to  20  feet  in  thickness,  being  generally  compact ;  but  in 
ascending  the  hill  beds  are  met  with  frequently  which  contain  large 
amygdaloidal  cavities  filled  with  zeolites,  principally  analdte  and  heu- 
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landjte.  These  inmfirflls  ere  very  plentiful  iii  tbis  part  of  tht*  Ulnn^; 
nud  whrii  rounded  by  the  action  of  water,  thoj  form  remnrkahle  wlnle 
pebbles  on  the  ot bervvisp  dark-coloured  volcanic  sand.  Up  to  the  smnr 
mit  the  alternation  of  beds  of  compact  siibcolumnar  rock  of  amygdaloid 
13  pretty  regular*  The  amygdaloid  is  of  two  kinds ;  in  one  the  cell* 
ai^  small,  very  tbickly  diseeminated,  and  completely  filled  np  by  ft 
eaolitic  miueral ;  the  other  has  hirger  cavities,  less  thickly  spread,  and 
geuerally  only  coated  with  crystals,  while  seams  filled  isith  crysUlline 
matter  are  also  frequently  met  with*  The  cavities  contain  generally 
analeite,  the  seams  heidandite.  The  ridge  on  the  southern  side  is 
higher  than  that  on  the  northern ;  and  from  it,  on  a  clear  day,  a  veiy 
extensive  view  of  tbe  island  towards  the  sonthward  can  be  obtained* 
The  coast  on  this  side  being  much  indented  by  fiord-like  inlets,  the  hori- 
zoutal  bedding  of  the  rocks  in  which  they  are  enclosed  can  be  dts- 
lingnished,  even  at  great  distances,  by  the  consequent  terracing  of  the 
liill -sides,  which  is  especially  conspicuous  on  the  shoulders  and  promou- 
tones.  It  is  worthy  of  remark  that,  to  the  eye  viewing  as  abote^  the 
heights  of  the  ridges  appear  to  differ  very  little  from  each  other,  tbe 
effect  produced  beiug  that  of  a  vast  tableland  quarried  into  deep  indetH 
tations  running  down  to  the  sea.  Out  of  this  platenin  rise  many  pe^ 
of  considerable  altitude,  and  often  so  sharp  and  steep  in  outline  t^aiat 
first  I  never  doubted  they  were  recent  volcanic  mountnitis*  A  nearer 
\ie\v  of  thorn,  bowc^er5  showed  them  gf*nrrally  to  con^^ist  of  the  ^iaine 
horizontally  bedded  rock  found  underneath ;  and  it  was  impossible  to 
avoid  the  impression  that  they  might  be  the  remnants  of  a  higher  plateau, 
of  which  all  but  these  peaks  had  been  removed  by  the  rodent  action  of 
ice,  of  which  there  is  abundant  evidence. 

After  leaving  Christmas  Harbour  anchor  was  dropped  in  Betsy  Cove, 
a  small  bay  near  the  eastern  end  of  the  island.  Here  the  hills  have 
exactly  the  same  structure  as  in  the  north,  consisting  of  horizontal  layers ; 
but  they  are  further  removed  from  the  sea,  and  from  their  base  to  Poiut 
Digby  stretches  an  expanse  of  almost  perfectly  level  plain,  broken  only 
by  the  remarkable  Mount  Campbell,  which  I  regret  I  was  not  able  to 
visit. 

Prince  of  Wales's  Foreland  is  an  elevation  formed  by  slender  basaltic 
columns,  many  of  which  were  clustered  together  into  what^,  if  perfect, 
would  have  formed  spherical  agglomerations.  The  basalt  contained  large 
cavities  filled  with  olivine.  Behind  this  rocky  point  the  usual  flat-topped 
range  of  hills  stretches  inland,  which  consists  of  the  same  basalt  with 
much  olivine,  only  not  columnar,  but  in  tabular  masses  with  almost  slaty 
cleavage. 

Nearly  opposite  Prince  of  "Wales's  Foreland,  and  on  the  other  side  of 
the  entrance  to  Eoyal  Sound,  is  a  very  remarkable  hill  of  a  castellated 
appearance  ;  it  was  called  "  Caf  s  ears."  I  believe  it  belongs  to  the  same 
class  of  hills  as  Table  Mountain  in  Christmas  Harbour.    The  ruggedly 
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worn  rock  at  the  crest,  which  gives  it  its  castellated  look,  consists  of  a 
light-coloured  ground,  in  which  are  enclosed  pieces  of  the  recent  scoria- 
ceous  lava  which  occurs  immediately  beneath  it  and  large  crystals  oE 
augite.  These  crystals,  though  apparently  perfect  when  imbedded  in  the 
rock,  were  not  found  otherwise  than  broken  when  weathered  out;  and  in 
places  inside  these  natural  battlements,  where  there  was  free  play  for  the 
usually  boisterous  wind,  all  the  lighter  sand  had  been  blown  away,  leaving 
the  ground  covered  by  a  jet-black  gravel.  Both  these  crystals  and  the 
rocks  show  the  abrading  effect  of  blown  sand,  the  crystals  having  lost 
their  regularity  of  fona  and  the  rocks  having  acquired  a  more  definite 
shape  than  would  have  been  the  case  had  the  weathering  proceeded 
equally  on  all  sides.  Here,  however,  and  still  more  remarkably  so  in 
Heard  Island,  the  constant  and  violent  westerly  winds,  wherever  they 
have  an  opportunity  of  charging  themselves  with  sand,  sculpture  the 
rocks  into  shapes  of  apparently  unnatural  regularity.  From  this  hill 
another  similar  but  smaller  one  could  be  seen  close  to  the  base  of  the 
''  Sugar-loaf."  It  resembled  more  a  circle  of  Druidical  stones  protruding 
through  the  moorland  than  a  hill ;  my  time,  however,  was  too  limited  to 
admit  of  my  visiting  either  it  or  the  imposing  Sugar-loaf,  the  structure 
of  which  appeared  from  a  distance  to  be  quite  peculiar. 

On  entering  Greenland  Harbour,  which  at  its  head  is  only  separated 
by  a  narrow  neck  of  land  from  Eoyal  Sound,  the  eye  is  at  once  struck  by 
the  strange  protrusions  of  light  grey  rock  through  the  ordinary  horizontal 
basaltic  beds  which  form  the  hill-ranges.  The  most  extensive  of  them, 
which  occurs  on  the  summit  of  the  range  on  the  western  side  of  the 
harbour,  has  at  a  distance  a  very  strong  resemblance  to  a  ruined  castle. 
I  was  able  to  examine  two  of  them,  one  on  the  summit  and  one  down 
nearer  the  landing-place,  both  on  the  west  side  of  the  harbour.  The 
rock  in  both  of  them  is  identical,  and  consists  of  a  light,  greenish-white 
phonolite  protruding  through  the  horizontal  beds  of  augitic  rock.  These 
cylindrical  masses  of  phonolite  are  columnar  at  the  outer  edges,  the 
columns  lying  horizontally  and  being  arranged  radially.  This  columnar 
structure,  however,  disappears  a  few  feet  from  the  outside,  and  the  rock 
is  simply  massive.  The  effect  of  weathering  has  been  to  split  it  up  into 
loose  blocks,  which  lie  thickly  scattered  over  the  ground  enclosed.  The 
whole  outside  line  being  constructed  of  horizontal  columns,  forms  a  sort 
of  natural  cyclopian  waU,  much  more  capable  of  resisting  the  degrading 
influence  of  the  weather  than  the  massive  inside ;  hence  we  might  expect 
that  as  they  always  protrude  on  a  hill  slope,  the  rock  being  disintegrated 
in  the  centre  would  slip  down  the  hill,  forming  a  heap  or  talus  of  rubbish 
below,  and  overwhelming  the  wall  encircling  the  lower  edge,  but  at  the 
same  time  falling  away  from  the  wall  of  the  upper  edge,  which,  thanks 
to  its  artificial  structure,  is  able  to  keep  together  its  fragments  ;  and,  in 
fact,  this  is  what  we  observe.  The  upper  wall  of  the  more  distant  one, 
which  stands  out  a  prominent  object  on  the  summit  of  the  ridge,  is  over 
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50  feet  high,  and  presents  a  perfectly  smooth  wall-face  to  the 
M  it  stretches  down  the  hill-s3oi)o,  w  hich  h^m  is  voiy  steep,  its  hd^ 
dimiuiehei  irregularly  until  it  m  loat  in  the  heap  of  looiie  stonp*  which 
coTers  the  lower  wall  and  the  whole  inside. 

The  roek  is  hard  and  compact,  of  a  light  greenish  grey  colour,  witl> 
much  of  the  appearance,  though  none  of  the  ring,  of  pltonolite.  Nt*r 
the  outride,  or  in  the  e^Dlomnar  part,  the  rock  it*  clo5*?r*gmined  tlian  in 
the  centre^  and  has  a  distinct  cleavage  in  a  plane  perpentliculttr  to  tW 
length  of  the  columns.  It  gelatinises  ])artial1y  with  hydrochloric  atii 
and  the  aoiution  contains  much  iotla  and  some  sulphuric  ftc^d*  It  ii 
thereforo  prohable  that  hoth  nepheline  and  nos*]ian  are  preeejit* 

(Another  prominence  on  this  side  of  the  harbour  is  formtni  of  pT49dil^1f 
iimilar  materijJ.  It  ia  a  round,  greenish  grey  bill  coTered  wilh  phauo- 
litic  rock  lying  about  in  angular  fragments,  genendly  of  a  si^c  to  bo  eaiilj 
lifted-  The  rock  is  very  similar  to  that  of  the  hi  Us  just  destxilicd;  mad 
it  seema  to  belong  to  the  same  class,  differing  from  tho  others  a^  iiig  to 

I  the  complete  disappearance  of  the  outside  wall,  large  pieces  af  wliich  lie 
scattered  on  the  slope  like  portions  of  dislodged  masojiry. 
It  is  to  be  remarked  that  in  neither  of  these  cases  ft  as  tboTO  •ay  di»» 
tortion  in  the  beds  in  w*hich  the  phonolite  occurrr^d.  The  line  of  juiictioii 
of  the  highest  one  with  the  siigitic  rock  was  very  well  bIiowd,  anil  I  waa 
miabled  to  get  specimens  from  it.  For  some  feet  from  the  line  of  June- 
tion  the  btii^idt  is  n>iiriHh:'niliK'  alii^ri^il.  the  Inruf^  rrv.^^tjil^  <if  fixjijil*.^  find 
olivine  disappearing  as  the  line  of  junction  is  approached.  This  line  is 
in  general  quite  decided  ;  there  are  many  angular  particles  of  the  phono- 
lite  completely  surrounded  by  the  basalt,  whereas  basalt  imbedded  in 
phonolite  was  not  observed.  Further,  the  grain  of  this  basalt,  in  im- 
mediate proximity  to  the  junction,  is  very  fine,  becoming  rapidly  coarser 
till  the  basalt  at  10  feet  from  the  junction  has  the  porphyritic  appearance 
which  it  presents  at  other  parts  of  the  hill.  These  two  facts  appear  to 
point  to  the  phonolite  as  being  the  more  ancient  of  the  tw^o,  and  to  the 
basalt  as  having  flowed  round  it.  How  the  phonolite  came  to  be  sticking 
up  in  the  pillar-like  form  which  it  must  have  had  is  very  diiEcult  to  say ; 
but  the  peak  of  Fernando  Noronha,  however  it  may  have  been  formed, 
is  always  evidence  of  the  possibility  of  such  a  thing.  There  is  no  neces- 
sity for  supposing  that  the  portions  of  these  phonolitic  masses  which  we 
see  should  be  sections  of  cylinders  :  they  may  equally  well  be  sections  of 
domes.  The  other  view  that  the  phonolite  had  burst  through  the  lava 
appears  to  me  to  be  untenable  in  view  of  the  facta  above  stated. 

Of  the  similar  hills  in  Christmas  Harbour,  Table  Mountain  consists  of 
columnar  basalt  with  large  cavities  filled  with  olivine.  The  columns 
starting  normally  to  the  cylindrical  surface  of  the  enclosing  rock  curve 
upwards,  and,  unlike  the  phonolite,  are  continued  well  into  the  mass  of 
the  hill.  The  top  of  this  hill  is  covered  with  loose  fragments  of  basaltic 
columns.     I  did  not  succeed  in  obtaining  specimens  from  the  junction 
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of  the  columnar  with  the  bedded  rock ;  in  fact  there  appeared  to  have 
been  next  to  no  fusion  between  the  two. 

The  corresponding  hill  on  the  south  side  of  the  harbour  is  formed  entirely 
of  volcanic  conglomerate,  intersected  here  and  there  by  dykes,  some  of 
which  show  on  the  outside  the  obsidian-like  bands  produced  by  rapid  cool- 
ing, which  were  obsenred  in  considerable  abundance  at  Tristan  d'Acunha. 

Fossil  wood  is  found  on  the  south  side  of  Christmas  Harbour  imbedded 
in  the  igneous  rock.  It  occurs  in  stumps  and  smaller  branches.  The 
colour  varies  from  yellowish  white  to  chocolate-brown  and  black.  Its 
hardness  is  also  very  variable.  Even  in  the  perfectly  white  pieces  there 
is  still  much  organic  matter  remaining.  The  bark  has  been  transformed 
into  a  brown  crystalline  mass  of  greasy  appearance,  which  effervesces 
with  acid.  The  inside  of  one  rather  large  trunk,  the  core  of  which  had 
probably  rotted  away,  was  entirely  filled  up  with  a  mass  of  igneous  rock 
with  elongated  cavities  filled  with  crystals.  Iron  pyrites  was  occasionally 
observed.  Farts  that  internally  consisted  of  notking  but  trap-rock  often 
presented  on  the  outside  the  fibrous  appearance  of  the  simply  silidfied 
wood ;  the  thickness  of  this  rind,  however,  was  insignificant. 

A  species  of  brown  coal  occurs  on  the  south  side  of  Christmas  Harbour 
between  two  layers  of  basalt,  and  only  a  few  feet  above  the  sea.  It  is, 
practically,  of  no  use,  being  too  poor  to  bum  at  all  alone. 

Near  the  eastern  point  of  Howe  Island  much  amygdaloid  was  found, 
the  geodes  here  consisting  almost  exclusively  of  agate.  The  tops  of  the 
hills  were  thickly  strewed  with  such  as,  in  the  lapse  of  time,  had  been 
weathered  out  of  the  matrix.  Many  of  these  presented  a  very  striking 
appearance,  one  of  the  comers  of  the  cast  of  the  cavity  having  been 
neatly  planed  off,  and  in  some  instances  even  highly  polished,  in  others 
covered  with  a  natural  etching  of  great  beauty.  The  occurrence  of  these 
abraded  faces  is,  I  think,  a  further  evidence  of  the  recent  prevalence  of 
ice-action  over  the  whole  island;  and  it  must  be  remembered  that  glaciers 
actually  do  reach  the  sea-level  in  fiords  on  the  main  island  not  more  than 
twenty  miles  distant. 

It  is  worthy  of  remark  that,  although  amygdaloids  are  common  along 
the  north-eastern  side  of  the  island,  the  nature  of  the  geodes  is  different 
in  different  localities.  In  Christmas  Harbour  they  are  almost  exclusively 
zeolites ;  in  Cumberland  Bay  those  who  have  visited  it  report  numerous 
cavities  in  the  rock  filled  with  quartz  crystals,  and,  indeed,  one  of  the 
promontories  in  it  is  called  Crystal  Foint ;  while  at  Howe  Island  the 
silica  with  which  the  cavities  were  fiUed  occurred  entirely  in  compact 
masses  of  agate  or  chalcedony.  The  cavities  were  usually  quite  full,  the 
geodes  being  solid  and  forming  an  accurate  cast  of  the  cavity.  Where 
this  was  not  the  case  the  interior  presented  a  finely  mammillated  surface. 
I  did  not  observe  quartz  crystals  either  here  or  at  Christmas  Harbour; 
nor  did  I  observe  the  zeolites,  so  common  in  the  last-named  locality, 
either  at  Howe  Island  or  Betsy  Cove. 
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ScoriflB  were  only  met  with  on  one  occasion,  namely,  on  the  hill  called 
"  Gat's  ears,"  at  the  entrance  to  Eoyal  Sound ;  but,  as  far  as  could  be 
decided  by  a  view  from  the  sea,  they  seemed  to  be  by  no  means  rare  on 
the  southern  coast,  where  the  cliffs,  worn  by  the  violence  of  the  south- 
westerly gales,  show  sections  of  what  undoubtedly  is  red  scoriaceoos 
matter.  The  whalers  who^frequent  the  harbours  of  the  island  chiefly  for 
sealing  purposes,  and  from  whom  much  valuable  and  reliable  information 
was  obtained,  affirmed  the  existence  of  an  active  volcano  on  the  western 
side  of  the  island,  as  well  as  of  springs  of  mineral  water,  both  hot  and 
cold,  and  of  petroleum. 

It  is  much  to  be  regretted  that  our  time  was  too  limited  to  allow  of  our 
visiting  the  but  little-known  coast  of  the  western  side  of  the  island. 

The  group  of  Heard  and  M'Donald  islands  was  visited  after  leaving 
Kerguelen.    McDonald,  the  smaller  of  the  two,  is,  I  believe,  quite  inacces- 
sible.   The  ship  anchored  in  Corinthian  Bay,  Heard  Island,  on  the  after- 
noon of  the  6th  February,  when  I  had  the  opportunity  of  spending  about  an 
hour  and  a  half  on  shore.    The  landing-place  was  at  the  head  of  the  bay  on 
a  flat  sandy  beach  at  the  mouth  of  a  river  which  comes  out  of  one  of  the 
magnificent  glaciers  which  form  a  continuous  ice- wall  along  the  south- 
western shores  of  the  bay.    like  all  glacier-streams  it  was  very  muddy. 
The  island  here  is  very  narrow,  not  more  than  a  mile  broad,  and  the 
sandy  plain  stretches  from  sea  to  sea;  it,  in  fact,  forms  the  heads  of 
three  bays,  namely,  Ck>rinthian  bay  facing  to  the  north-east,  the  open 
sea  towards  the  south-west,  and  a  narrow  bay  which  runs  in  between 
two  remarkable  promontories  on  the  north-east.    The  connexion  of  these 
two  promontories  with  the  main  island  by  means  of  this  sandy  plain  is 
so  low  that  a  depression  of  a  few  feet  would  suffice  to  separate  them 
from  each  other  and  from  the  mainland.    The  sand  is  very  dark-coloured 
and  highly  magnetic,  and  was  being  blown  with  such  violence  by  the  then 
prevailing  south-west  wind,  that  it  was  necessary,  when  exposed  to  it,  to 
use  some  protection  for  the  face.    Nowhere  have  I  seen  the  abrading 
power  of  blown  sand  better  exemplified  than  on  the  isolated  rocks  which 
have  rolled  down  from  the  heights  above  and  remained  fixed  in  the  sandy 
plain,  exposed  to  the  constant  strong  south-westerly  gales,  driving  the 
sharp  volcanic  sand  against  their  sides.    In  this  way  they  have  frequently 
been  cut  and  dressed  as  by  a  mason's  chisel.    It  is,  however,  not  the 
south-westerly  winds  alone  which  produce  this  effect;  but  from  their 
great  predominance  they  have  given  the  rocks  the  peculiar  "  sheared  ^ 
appearance,  much  resembling  that  assumed  by  the  trees  growing  on  a 
coast  exposed  to  the  trade-winds.     If  favourably  placed  rocks  be  carefully 
examined,  the  effect  of  every  prevalent  wind  will  be  observed  in  the  facets 
which  it  has  produced  on  the  surface.    The  largest  facet,  and  the  one 
which  determines  the  general  appearance  of  the  rock,  is  the  one  turned 
towards  the  west;  and  I  do  not  doubt  that  the  areas  of  the  others  would 
afford  useful  information  as  to  the  relative  prevalence  of  other  winds. 
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Of  the  promontories  above  mentioned,  the  one  which  extends  towards 
thi  west  is  a  lofty  mountain  rising  precipitously  from  the  sea  on  the 
N.E.  and  S.W.,  and  terminating  in  two  peaks.  Between  these  two 
peaks  a  glacier  descends  to  the  edge  of  the  clifE  overhanging  the  sea  on 
the  north-east  side,  over  which  the  ice-masses  fall  with  a  thundering 
noise.  The  other  promontory  or  peninsula  is  covered  by  a  flow  of  very 
recent  lava,  the  eddies  and  ripples  on  the  surface  being  still  quite  fresh. 
This  stream  of  lava  proceeds  from  the  base  of  a  recent  but  much  dilapi- 
dated crater,  which  having  sprung  up  close  to  the  sea  could  only  have 
been  preserved  by  renewing  its  substance  with  constant  eruption.  "When 
this  ceased,  the  degrading  action  of  the  waves  began  to  tell ;  and  at  pre- 
sent it  is  worn  into  a  group  of  fantastic-looking  peaks,  the  vertical  sides 
of  which  are  marked  by  the  layers  of  scoriae  dipping  away  from  the 
centre.  The  lava-stream  covers  the  whole  of  the  peninsula,  and  from 
having  been  worn  by  the  waves  it  forms  a  range  of  low  black  cliffs  along 
the  north  side  of  Ck>rinthian  Bay.  In  the  face  of  these  cliffs  many  large 
cavities,  bubbles  in  the  once  molten  lava,  had  been  opened,  and  were 
tenanted  by  the  nesting  Cape  pigeon. 

The  glaciers  which  cover  the  whole  of  the  southern  side  of  Corinthian 
Bay  have  been  prevented  from  encroaching  on  the  beach  at  the  head  of 
it  by  a  sharp  conical  hill  of  scorise,  behind  which  the  ice-covering  stretches 
from  sea  to  sea. 

H.M.8. 'ChaUenger,' 
December,  1875. 

[The  Tables  which  acoomponj  this  paper  are  preserved  for  reference  in  the  Society's 
Archives. — Sec  B.S.] 


VII.  ''Report  to  the  Hydrographer  of  the  Admiralty  on  the 
Voyage  of  the  '  Challenger '  from  the  Falkland  Islands  to 
Monte  Video,  and  a  Position  in  lat.  32^  24'  S.,long.  13°  5'  W/' 
By  Prof.  Wyville  Thomson,  F.R.S.,  Director  of  the  Civi- 
lian  Scientific  StafE  on  board.     Received  May  5, 1876.     Read 

June  15. 

[Plates  25-33.] 

H.M.S.*  Challenger/ 
Ascension,  March  1876. 

Sib, — I  have  the  honour  to  report  that  we  left  Stanley  Harbour  in  East- 
Falkland  Island  for  Monte  Video  on  the  afternoon  of  the  6th  of  February, 
and  on  the  8th  we  sounded  in  lat.  48^  37'  S.,  long.  55°  17'  W.,  about  200 
miles  to  the  N.E.  of  Stanley,  in  a  depth  of  1035  fathoms.  The  trawl  was 
lowered,  but  it  was  unfortunately  carried  away,  after  the  weights,  which 
were  at  a  distance  of  300  fathoms  in  advance  of  the  trawl,  had  been 
brought  in  board.  The  rope  looked  much  chafed,  as  if  it  had  been  ground 
against  rocks.    The  sounding-machine  brought  up  no  sample  of  the 
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bottom ;  but  a  tow-net  attached  to  the  dredge-rope  at  the  weights  con- 
tained a  little  gravel  and  one  or  two  Buaall  organisms.  The  bottom- 
temperature  was  1°*7  C. 

The  following  day  was  fine,  with  light  uncertain  winds ;  on  the  10th  it 
was  blowing  half  a  gale  and  the  sea  was  running  too  high  for  soundmg- 
operations.  On  the  11th  the  weather  was  fine,  the  wind  becoming  more 
moderate  towards  noon ;  at  10  a.m.  we  sounded  and  put  down  the  trawl  in 
2040  fathoms,  with  a  bottom  of  bluish  mud  containing  many  OMngerina, 
and  a  bottom-temperature  of  4-0°*3  C.  The  position  of  the  sounding 
was  lat.  42°  32'  S.,  long.  56°  27'  W.,  about  200  miles  to  the  eastward  of 
Valdes  Peninsula.  Temperature-soundings  were  taken  down  to  1500 
fathoms  (Curve  318,  Plate  27).  This  sounding  gives  a  singularly  rapid  fall 
from  14^*2  on  the  surface  to  2°  C.  at  125  fathoms ;  the  edge  of  the  Ant- 
arctic indraught  appeared  to  bo  pushed  up  against  the  American  shore 
by  the  western  border  of  the  southern  branch  of  the  reflux  of  the  equa- 
torial current,  as  the  Labrador  current  is  banked  up  by  its  northern 
branch,  tlie  result  being  no  doubt  increased  in  both  cases  by  the  flinging 
up  of  the  polar  water  against  the  western  land-barrier  on  account  of  its 
low  initial  velocity. 

On  the  12th  we  sounded  in  2425  fathoms,  and  took  a  series  of  tem- 
peratures ;  the  upper  temperatures  were  decidedly  higher  than  they  were 
the  day  before,  5°  occurring  at  125  fathoms,  2°'5  at  700,  and  2°C.  at 
1100  fathoms.  The  ])ositioii  of  the  sounding  was  lat.  41°  54'  S.,  long. 
54"'  4 1)'  W. :  it  was  nearly  double  the  distance  of  the  previous  souiidiDg 
froul  the  lon.ralhoni  line,  which  liere  nearly  corresponds  with  a  steep 
submarine  cliff  of  <;reat  luight.  The  bottom-temperature  was  — 0--4C. 
(Ciirvi'  3r.»,  l^latc  27).  On  the  14lh  we  sounded  in  G^'O  fathoms  eii  the 
plateau  exlcndinu'  from  the  South-American  coast,  opposite  the  estuanr 
of  the  J{i\('r  I'lalc,  Ml  miles  from  Lobos  J>lam].  Wi*  took  a  set  of 
tcMijpcraiurcs  to  ll..'  1  oltom,  and  four.d  tlie  p^radatitm,  so  far  as  it  went, 
much  tlir  ^aiii' as  Ihc  day  before  :  the  bottom-temj^eraturi*  was  l'^-7C. 
On  this^  occasion  the  trawl  was  most  successful,  and  ^'a\e  u^^  a  ^o^y 
fair  idea  (►f  the  fanna  of  moderate  depths  along  the  coast  ;  pro!  ably  not 
fewer  than  sixty  s])rcies  of  dilTerent  groups  \\en*  recovered,  including  a 
very  handsome  /'< ///'a/?</a  between  two  and  three  Wn^t  in  height,  some 
def])-sea  coraU  of  vi'ry  special  interest,  which  are  being  worked  uj)by3[r. 
JMoseloy,  and  some  line  Echinoderms  and  sponges.  On  the  loth  \u^ 
anchored  in  Monlo-A'idco  Eoads. 

AVe  \vU  th.-  anchorage  at  Monte  Video  at  daybreak  on  the  ^otb 
of  Kebruar\,  and  after  swinging  ship  for  errors  of  the  compas>es,  \u* 
proceeded  down  the  estuary,  in  the  afternoon  the  trawl  was  put  down 
in  thirteen  fathoms  lo  get  an  idea  of  the  fauna  (»f  the  brackish  wau-r. 
J  he  species  procured  were  comparatively  few  :  but  among  them  was  a 
l>h?nlirtil  supply  of  an  interesting  .McyonanV.n  Calenterate  of  the  genr,? 
Jic/u/hf^  which   wa^  new  to  u^.      On  the  two  following   davs   we  c^•^SvJ 
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the  shallow-water  plateau,  and  on  the  28th  we  sounded  and  trawled  in 
1900  fathoms  over  the  ledge.  A  serial  temperature-sounding  gave  a 
bottom-temperature  of  0^-0  C,  P-0  at  1725  fathoms,  3°-0  at  600 
fathoms,  and  20°  at  60  fathoms  (Curve  323,  Plate  29).  The  trawl  was  not 
very  successful,  but  it  brought  up  a  few  things  of  some  interest ;  among 
them  an  example  of  a  small  sea-urchin,  of  which  we  had  previously  taken 
single  specimens  at  widely  distant  stations,  ofE  the  coast  of  Nova  Scotia, 
near  Gk>mera  Island,  near  New  Zealand,  and  near  Japan.  The  bottom 
was  chiefly  river-mud  with  very  little  carbonate  of  lime. 

On  the  following  day  we  sounded  in  2800  fathoms,  and  again  lowered 
the  trawl.  The  bottom  was  a  greyish  mud,  with  little  or  no  carbonate  of 
lime,  and  the  bottom-temperature  was  —  0°*4  C.  The  trawl-line  parted 
near  the  ship  in  heaving  in. 

On  the  Ist  of  March  we  proceeded  on  our  course,  and  on  the  2nd  we 
sounded  in  2650  fathoms,  with  a  bottom  of  grey  mud  and  a  bottom-tem- 
perature of  0°'4  C.  The  trawl  was  put  over,  and  a  series  of  temperature 
observations  was  taken  to  1500  fathoms.  (Curve  No.  325,  Plate  29.) 
This  sounding  is  very  instructive ;  the  isothermobath  of  3°  C.  is  found  at 
600  fathoms,  so  that  we  have  a  mass  of  water  at  a  lower  temperature 
2000  fathoms  in  thickness  ;  2°-5  C.  occurs  at  1900  fathoms,  and  zero  at 
2400.  The  very  marked  hump  of  the  curve  extending  from  a  depth  of  126 
fathoms  to  a  depth  of  255,  and  corresponding  with  the  wide  spaces  between 
the  isothermobaths  of  15°  C.  and  6°  C.  on  Plate  28,  evidently  indicates  the 
position  and  volume  of  the  Brazil  current,  the  southern  deflection  of  the 
equatorial  current  after  ita  bifurcation  at  Cape  St.  Eoque.  The  trawl  came 
up  containing  an  unusually  large  number  of  organisms  for  this  depth, 
including  two  specimens  of  an  imdescribed  species  of  EupUctella^  some 
corals,  several  Echinoderms  illustrating  three  of  the  orders,  some  beautdful 
examples  of  a  species  of  Stylifer  commensal  on  one  of  the  Holothurians, 
and  several  fishes. 

Next  day  we  sounded  in  2775  fathoms,  and  took  temperature-sound- 
ipgs.  This  series  (Curve  326,  Plate  29)  presented  a  marked  difference 
from  that  of  the  previous  day.  All  the  lines  from  that  of  1°*5  C.  had 
risen  most  palpably,  most  of  them  between  100  and  200  fathoms. 
Even  the  surface  participated  in  the  fall  of  temperature,  having  sunk 
from  21°'6  C.  to  19*''9,  This  is  evidently  a  space  in  the  Brazil  current 
occupied  by  colder  water,  like  the  peculiar  cold  interdigitations  which  are 
so  marked  in  the  Gulf-stream.  The  position  of  this  sounding  was  lat. 
37°  3'  S.,  long.  44°  17'  W.  A  serial  temperature-sounding  on  the  follow- 
ing day,  at  a  distance  of  80  miles  to  the  eastward,  where  the  depth 
was  2900  fathoms  and  the  bottom-temperature  —  0°'3  C,  showed  by  the 
sinking  of  all  the  isothermobaths  that  we  had  again  entered  the  normal 
flow  of  the  Brazil  current. 

On  the  6th  of  March  it  was  blowing  hard  from  the  8.W.  with  a  heavy  sea. 
We  sounded  in  2900  fathoms,  with  a  bottom  of  grey  mud  and  a  bottoow 
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tfimpemture  o£  —  0^-3  C. ;  but  tlr:*  weatli<?r  was  too  boUtoroas  to  \ 
a  fterinl  temperat  uri-^-soiinditig.  On  tlie  7tli  ilis  s^  was  mare  niDderak, 
and  \\^  sounded  iu  2o75  fntboms*  with  a  bottoin-temperature  of  —  O^^OC, 
and  took  tho  temperature?  stories  roproseut-ed  by  Ciin^e  329  (Plate  30)» 
The  bottom  was  again  a  very  fine  grey  or  sligbtly  reddish  mud,  ahnoil 
free  from  calcic  carbonate  ;  samples  of  water  were  abtained  for  sped  fie* 
gravity  determinations  and  analytjiH  do\*'n  to  200 D  fathoms. 

On  the  8th  of  March  we  sounded  in  2440  fathoms,  with  a  bottom  of 
light  red  mud,  and  a  bott<>m-temperatur.i  of  —  0^*3C. ;  and  on  the  9tli, 
somewhat  to  our  surpris^j  we  sounded  in  1715  fathoms,  with  a  bottom 
of  "  Qlohi^€rimi-oom-  and  a  temperature  oi  1^*3  C*  Tbc  sea  waa  heavy, 
and  trawKug-operationa  were  conoequently  ratlier  difficult ;  the  traw! 
was  lowered,  however,  on  account  of  the  remarkable  shallowness  ol  Hie 
sounding ;  but  it  unfortunately  came  up  foul,  and  th©  obsen^otbn  wat 
loat. 

It  seems  that  this  sounding  was  on  the  eentral  meiidional  rise  which 
separates  the  western  from  the  eastern  trough  of  the  AtJantie  at  a  depth 
apparently  nowhere  much  beyond  l!00t>  fathoms,  near  its  wejitesra  edge, 
Aa  naual,  tho  lower  isotliermolmtldc  linea  showed  a  tendency  to  me 
slightly  in  the  ghailo\v  er  water - 

On  the  10th  the  morning  was  nusty  and  raining,  with  the  wind 
northerly,  shifting  to  the  southward  towards  nooEu  We  sounded  in 
2200  fathoms.  *^  Glnbl[firiH  i-oot.^^^  with  a  bottom -temperature  of  H-'^^lC, 
The  trawl  was  put  over ;  but  on  being  recovered,  it  was  found  to  have 
been  down  on  its  back,  and  it  contained  only  a  few  fragments  of  one  or 
two  sponges,  Crustaceans,  and  Echinoderms. 

We  ran  on  during  the  11th  and  12th,  and  on  the  13th  we  sounded  on 
"  Olohigerina-oozQ  "  at  a  depth  of  2025  fathoms,  with  a  bottom-tempera- 
ture of  1^-2  C.  The  trawl  again  came  up  empty  and  reversed,  some  frag- 
ments adhering  to  the  net,  showing  that  there  was  a  varied  fauna,  and 
that  much  interesting  material  must  have  been  got  from  a  successful  haul. 

The  position  of  the  sounding  on  the  14th  was  lat.  35*^  45'  S.,  long. 
18*^  3'  W. ;  the  depth  was  1915  fathoms,  the  bottom  "  Globigerina-oote,'* 
and  the  bottom-temperature  1^-5  C,  the  distance  from  Tristan  d'Acunha 
310  miles.  The  trawl  came  up  again  foul,  with  only  some  fragments  to 
indicate  the  presence  of  an  abundant  fauna.  As  we  had  already  crossed 
our  outri^^ard  track  in  1873,  and  as  the  temperatures  at  depths  unin- 
fluenced by  the  changes  of  the  seasons  seemed  to  verify  in  every  way  our 
former  work,  we  thought  it  unnecessary  to  go  further  to  the  eastward  on 
the  direct  line,  and  we  took  a  north-easterly  course  towards  a  point  in 
the  meridian  of  the  Island  of  Ascension,  which  was  distant  from  us  about 
1685  miles. 

We  ran  on  next  day,  and  on  the  16th  the  position  of  the  ship  was 
lat.  32°  24'  S.,  long.  13^5'  W.,  1470  miles  almost  due  south  of  Ascension, 
and  280  miles  north  bv  west  of  Tristan  d'Acunha. 
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We  sounded  in  1425  fathoms  on  "  Glohtgefina-ooze,**  with  a  bottom* 
temperature  of  2^*3  C.  The  trawl  had  failed  so  frequently  of  late,  that 
we  determined  to  send  down  instead  a  large  light  dredge,  which  we  had 
had  made  at  Hong-Kong  for  the  shallow-water  sponge-producing  seas  of 
the  Philippines.  It  came  up  with  scarcely  any  ooze,  and  with  only  a 
small  number  of  animal  species ;  but  among  them  were  many  very  perfect 
specimens  of  the  rare  little  sea-urchin,  SaUnia  varispina.  It  is  singular 
that  although  there  were  a  large  number  of  hempen  tangles  attached  to 
the  dredge,  and  they  seemed  to  have  done  their  work  well,  none  of  the 
Sryozoa  so  characteristic  of  moderate  depths,  with  a  bottom  of  "  GloU' 
gerinorooz/e,^  in  the  Atlantic  were  taken  on  this  occasion.  In  the 
eTening  we  made  sail  due  north. 

This  portion  of  the  voyage  divides  itself  into  two  parts  with  very 
different  conditions — the  nearly  meridional  passage  from  the  Falkland 
Islands  to  Monte  Yideo,  a  distance  of  1100  miles ;  and  the  line  from 
Monte  Video  to  Station  335,  a  little  to  the  south  of  the  parallel  of  35°  S. 
for  a  distance  of  2100  miles. 

Between  Stanley  and  Monte  Video  four  observing-stations  were 
established,  nimibered  on  the  charts  and  diagrams  from  317  to  320.  Two 
of  these  were  in  comparatively  shallow  water  near  the  edge  of,  but  still 
upon,  the  plateau  which  extends  from  the  coast  of  South  America  to  a 
distance  of  nearly  400  miles,  and  includes  the  Falkland  Islands ;  the  two 
remaining  soundings,  318  and  319,  were  well  beyond  the  cliff  of  the  pla- 
teau at  depths  greater  than  2000  fathoms.  The  shallow* water  soundings 
were  upon  hard  ground ;  in  the  two  others  the  bottom  was  a  greyish  mud, 
to  a  great  extent  composed  of  land  detritus.  All  these  soundings,  the 
two  deep  ones  particularly,  indicate  the  presence  of  a  great  underlying 
mass  of  cold  water,  the  isothermobath  of  2°  C.  occurring  at  Station  318 
at  a  depth  of  125  fathoms.  At  Station  319  the  2^-C.  line  is  at  1100 
fathoms,  and  the  other  isothermobaths  up  to  5°  C.  show  a  corresponding 
rise.  I  attribute  this  remarkable  difference  between  two  soundings  so 
near  one  another  to  the  banking  of  the  cold  water  against  the  submarine 
cliff  by  the  Brazil  current;  sounding  118  seems  to  have  faUen  directly 
upon  the  "  cold  wall." 

At  the  deeper  sounding  (319)  the  thermometer  fell,  for  the  first  time 
in  our  experience  in  the  South  Atlantic,  bielow  the  freezing-point ;  but  the 
relations  of  this  very  low  bottom-temperature  will  be  better  understood 
when  we  come  to  consider  the  section  between  Monte  Video  and  Tristan 
d'Acunha. 

On  the  line  between  Monte  Video  and  Station  335,  fifteen  observing, 
stations  were  established.  The  first  three  of  these,  321  to  323,  were  on 
the  estuary  of  the  Eiver  Plate,  or  (323)  just  beyond  the  edge  of  the  delta 
at  its  mouth ;  the  next  seven,  324  to  330,  gave  a  section  of  a  wide  inlet 
into  the  western  trough  of  the  South  Atlantic  with  a  mean  depth  of 
2750  fathoms ;  and  the  remaining  five  stations,  331  to  335,  were  on  the 
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central  rise,  with  an  average  depth  of  1850  fathoms.  The  mean  bottom- 
temperature  of  the  seven  deep  soundings  is  —  0°-4  C,  and  that  of  the  five 
Boundings  on  the  rise  l°-3  G. ;  the  isothermobath  of  O^'-O  C.  is  at  a  depth 
averaging  2400  fathoms,  a  d^pth  which  it  never  much  exceeds  except 
where  the  cold  water  rises  against  the  American  coast,  as  at  Stations  319 
and  323  -,  it  therefore  occurs  in  the  line  of  the  seven  deep  soundings  onlv; 
and  there  it  forms  the  upper  limit  of  a  mass  of  water  with  a  temperatuw 
below  zero,  320  square  miles  in  section.  Perhaps  the  isothermobath  of 
1***5  C.  may  fairly  be  taken  as  the  upper  limit  of  the  very  cold  water; 
the  section  of  the  Antarctic  indraught  below  that  temperature  is  here 
about  800  square  miles.  (The  transverse  section  of  the  Gulf-stream  is 
about  6  square  miles ;  there  is  no  volume  of  water  at  all  in  the  Labrador 
current  below  1°*5  C.  opposite  Halifax,  that  temperature  being  onlj 
found  at  the  bottom.) 

The  isothermobaths  of  2®,  2°*5,  3°,  and  4°  C.  are  rery  constant  at 
1500,  900,  600,  and  400  fathoms  respectively  for  all  the  stations  on  the 
parallel  except  Station  323  on  the  "  cold  wall,"  where  all  the  lower  tem- 
perature-lines are  at  a  much  higher  level,  and  at  the  shallow  sounding 
at  Station  331,  where  all  the  lines  below  that  of  4*^  C.  rise  slightly.  We 
must  be  careful,  however,  not  to  attach  too  much  importance  to  slight 
deviations  of  the  colder  lines.  On  the  scale  used  in  Plates  26,  2S,  32, 
and  33,  the  mean  interval  between  the  isothermobaths  of  2°  and  3^^  C. 
in  the  Atlantic  is  1000  fathoms  ;  so  that  a  rise  or  fall  of  l^O  fathoiiH. 
which  is  very  prominent  on  such  diai^ranis,  actually  represents  only 
one  tenth  of  a  Centi2:rade  (lei]7*oe,  an  amount  very  small  in  U>v]\\  aii«l. 
it  must  be  romembererl,  entirely  within  the  limit  of  error  (jf  obv-r- 
vatiou  with  a  (leej)-sea  thcTinometer;  it  is  only  where  there  i«^  a  con- 
cordance amoni:;  srveral  lines  in  such  a  rise  or  fall  that  the  indiaition  i>< 
of  any  real  ^  aliie. 

The  mean  temperature  of  the  surface  of  the  water  at  the  nnchorai:'' 
at  jMonte  A'ideo  was  22^'-r)  C;  at  8tatiou  ':J2o,  just  befon'  enterinir  tlu* 
estuary,  it  was  10°-7  C.  ;  at  Station  »{l^*^  on  the  edi;:e  of  the  platf-au,  it  n-v* 
to  2fS° ;  and  a  temperature  of  2n'^  C.  or  a  little  above  it  was  maii)tniii"-i 
up  to  Station  iyj><,  except  at  Station  IVMk  which  1  have  already  refcrriii 
to  as  occnpying  a  ci)ld  space.  After  reaching  Station  'VJS  the  t<'in]>i'ni- 
ture  began  to  sink,  and  only  recovered  its  former  hei^rht  when  we  ni.)\'  il 
northwards. 

Th(^  curves  dcduc«'d  from  the  serial  temperature-soundin«:^s  aloni:  tlii<  -iii'' 
are  represented  in  «,^r()U])s  of  four  on  Tlates  2i),  :^o.  ,t  :n .  Ax  Siati»-ii  :5i'-^ 
the  temperature  of  iIk?  \\ater  fell  rapidly  and  tolerably  evenly,  with  eiilv 
a  slight  prominence?  hetween  150  and  2o0  fathoms,  to  ')"  C.  at  :»'»" 
fathoms  ;  it  then  took  a  slower,  but  still  a  svmmetrical  swtvj)  down  to 
zero  at  UHU)  fathoms.  Ai  Stations  :3i>4  and  32o  the  lines  fell,  whh  <TiiI 
only  a  slinrl,t  ])rotu!)eranc(f  in  the  same  position  as  lK«fon\  to  ;>'^  C.  at  ♦'•'"• 
fathoms,  \^  hen  thev  sank  very  slowly  to  V  C.  at  2o0o  lathonis,  and  then 
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again  a  little  more  rapidly  to  —  0°'4  at  the  bottom.  At  the  next  Station 
(326)  all  the  upper  temperatures  were  remarkably  low,  corresponding 
with  the  cold  "interdigitatiou"  in  the  Brazil  current.  Stations  328  and 
329  repeat  Stations  324  and  325  with  little  variation ;  at  the  three  Sta- 
tions 330,  331,  and  332  there  was  a  most  marked  hump  on  the  curves, 
occupying  roughly  the  space  between  150  and  250  fathoms;  and  at  the 
three  succeeding  stations,  333,  334,  aud  335,  the  hump  wore  out  and 
finally  disappeared. 

The  high  surface-temperatures  between  the  mouth  of  the  Eiver  Plate 
and  Station  328  are  doubtless  due  to  solar  radiation  (early  autumn  tem- 
perature) plus  the  additional  warmth  of  the  Brazil  current,  which  is 
logged  from  the  29th  of  February  to  the  10th  of  March  as  running  in  a 
generally  southerly  direction  at  an  average  rate  of  20  miles  a  day.  The 
rapid  fall  for  the  first  160  fathoms  represents  mainly  the  loss  of  the  heat 
due  to  direct  radiation,  which  does  not  affect  the  curve  to  a  depth  much 
greater  than  100  fathoms ;  and  the  hump  from  150  to  250  fathoms  re- 
presents the  extra  effect  of  the  current,  which  appears  to  have  there  an 
average  depth  of  250  fathoms ;  it  seems,  however,  not  to  be  very  con- 
stant, either  in  volume,  direction,  or  rate. 

To  recapitulate  briefly  the  more  important  points  with  regard  to  the 
distribution  of  temperature : — 

1.  The  section  between  Monte  Video  and  the  meridian  of  Tristan 
d'Acunha  includes,  besides  the  soundings  on  the  South- American  plateau 
and  the  sounding  on  the  "  cold  wall,"  a  series  of  soundings  in  a  western 
trough  with  an  average  depth  of  2750  fathoms  and  an  average  bottom- 
temperature  of  —  0°'4  C. ;  and  a  series  of  soundings  on  the  middle  bank 
of  the  Atlantic,  with  an  average  depth  of  1850  fathoms  and  a  mean  bot- 
tom-temperature of  1^*3  C. 

2.  In  the  trough  a  huge  mass  of  Antarctic  water  at  temperatures 
ranging  from  1^5  C.  to  —  0°'6  C.  is  creeping  northwards  at  depths 
greater  than  1800  fathoms  ;  on  the  rise  very  little  water  at  a  lower  tem- 
perature than  1*^*5  C.  passes  northward ;  but  that  is  only  on  account  of 
the  absence  of  the  required  depth,  for  the  isothermobaths  of  1°'5  and  2° 
C.  are  practically  at  the  same  level  over  the  central  plateau  and  over  the 
trough. 

3.  On  the  surface  a  warm  current,  perhaps  about  800  miles  wide,  and 
affecting  the  temperature  of  the  water  to  a  depth  of  250  fathoms,  con- 
tinuous to  the  northward  with  the  southerly  deflection  of  a  part  of  the 
equatorial  current,  passes  to  the  southward,  taking,  a  slightly  easterly 
direction  on  account  of  its  higher  initial  velocity. 

4.  As  a  rule,  the  temperature  falls  rapidly  throughout  the  section  to 
a  temperature  of  3*^  C.  at  600  fathoms,  and  then  extremely  slowly  to 
the  bottom. 

We  had  always  attached  special  importance  to  the  temperature-sound- 
ings on  this  section,  for  we  had  expected  them  to  throw  some  additional 
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ligbt  upon  tlie  ob&enatious  tiiien  in  the  West  Atlftntic  in  the  jfi^ttr  if^73. 
These  seemed  at  Hrst  sight  to  present  certain  anomalies ;  thus  m  msr 
eomewhat  hurried  rtiu  from  Bahia  to  Tristan  d'Acunha,  wc  uppeared  ly 
have  missed  tbe  source  of  supply  of  ^ater  at  an  nn usually  low  tcmiH^m* 
ture  which  we  found  uear  the  islaud  of  Fernando  Noronha*  Tbe  pmuIi 
bas  fully  justi^ed  our  anticipations. 

Diagram  A,  Plate  32,  represents  tbe  verfciail  distribatitiu  of  tifmp^ 
ratun?  at  Station  112,  lat.  3^  33'  S.,  long.  32°  10'  W.,  21  mile*  fa  tk 
K,E,  o£  Feruando  Noronha,  Diagram  B  gives  the  temperatntiea  at 
Station  129,  lat.  20*^  12'  S.,  long.  35°  19'  W.,  nearly  halfway  betw^^nA 
ajid  C,  wbicb  representa  the  distribution  of  tempemtoire  at  Station  327, 
one  of  tbe  most  cbaraeteristic  in  the  section  at  present  under  considiera- 
tion.  The  depth  at  Station  327  is  2900  fathoms^  and  the  depths  at  the 
two  other  stations  2150  and  2200  respectively ;  and  it  ts  ill  be  seen  thut 
at  the  latter  stations  tbe  bottom-tempemtures  correspond  almost  pr&- 
eiflely  with  tbe  temperature  at  Station  327  at  like  depths*  The  isotbermo- 
bath  of  2^  C*  is  at  the  same  height,  1500  fatboma,  at  the  two  southern 
stations ;  and  at  the  northern  station  only,  near  the  equator,  it  sinks  to 
1800  fathoms.  Tbe  isotherm obaths  of  2°- 5  and  3^  C.  eorre-spond  almost 
eiaetly  iu  level  at  Stations  B  and  C ;  at  Station  A  all  tbe  tsothermobftthjc 
lines  uuder  that  of  4°  C,  down  to  the  line  of  1°  Q>  are  much  lo\\er  tbaa 
at  Stations  B  and  C  ^  that  is  to  say,  that  at  the  equator  between  4^  C. 
and  P  (\  thf  \vjit<r  is  n^niiiderably  warmer  than  it  i^^  fijHher  '^mitli. 
The  isothermobathic  lines  of  4°  and  6**  C.  seem  everywhere  in  the 
Atlantic  to  mark  broadly  the  line  of  demarcation  between  the  upper 
zone,  where  the  temperatures  are  obviously  affected  by  the  diffusion  of 
water  by  wind-currents,  and  the  lower  zone,  where  the  temperatures  are 
continuous  with  those  of  the  Southern  Sea.  In  the  North  Atlantic  they 
are  markedly  lower  than  they  are  to  the  south  of  the  equator ;  that  is  to 
say,  there  is  a  much  larger  body  of  water  above  them  heated  by  con- 
duction, convection,  and  mixture. 

I  have  given  in  Plate  33  a  general  diagrammatic  scheme  of  the  verti- 
cal distribution  of  temperature  in  the  western  trough  of  the  Atlantic, 
constructed  from  our  serial  temperature-soundings  in  the  years  1873 
and  1876.  The  diagram  extends  from  lat.  42*^  S.  to  lat.  42''  N.,  and  in- 
cludes as  its  southern  limit  the  banking  up  of  the  Antarctic  indraught 
against  the  South-American  coast,  and  as  its  northern  the  "  cold  wall  "* 
of  the  Labrador  current.  This  Plate  seems  scarcely  to  require  much 
comment ;  but  there  are  one  or  two  points  to  which  I  would  wish  to 
direct  attention. 

At  Station  327,  so  often  referred  to  as  a  typical  sounding  on  our  present 
line,  there  is  a  mass  of  water  400  fathoms  thick  at  a  temperature  belov 
zero.  Station  131,  600  miles  south  of  Martin  Vas,  is  on  tbe  edge  of  the 
central  plateau,  with  a  depth  of  2275  fathoms  and  a  bottom-temperature 
of  Q9'7  c.;  the  deep   passage   therefore  probably  lies,  if  it  hive  not 
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already  come  to  an  end,  between  long.  28°*9  W.  and  the  coast  of 
America. 

The  distribution  of  the  lower  temperatures  is  much  the  same  at  station 
131  as  it  is  at  station  327,  the  isothermobaths  sinking  slightly.  At 
station  129,  which  is  right  in  the  middle  of  what  may  be  supposed  to  be 
the  direction  of  the  current,  the  depth  is  2150  fathoms,  and  the  tempe- 
rature 0*6  C. ;  the  cold-water  trough  has  therefore  probably  stopped 
before  reaching  this  point ;  all  the  belts  of  water  at  given  low  tempe- 
ratures are  evidently  continuous,  although  the  isothermobaths  of  3°  C. 
and  2°*5  C.  are  now  sinking  rapidly.  The  accumulation  of  water  above 
3®  C.  in  temperature  is  still  more  apparent  at  Station  112,  nearly  under 
the  equator. 

The  next  station,  No.  15,  is  the  first  of  a  series  of  rather  deep  sound- 
ings taken  after  crossing  the  "  Dolphin  Else  "  (the  central  bank  of  the 
Atlantic)  on  our  voyage  from  Teneriffe  to  Sombrero  in  1873.  The 
deepest  of  these  soundings  are  a  little  above  3000  fathoms ;  and  they 
look  from  their  position  very  much  as  if  they  were  in  the  axis  of  the 
Antarctic  indraught ;  but  the  temperature  in  no  case  falls  below  1°*3  C; 
and,  tracing  southwards,  we  find  that  a  belt  of  shallow  soundings  (not 
more  than  2000  fathoms)  extends  from  the  central  plateau  about  lat. 
21°  N.,  long.  46*^  30'  W.,  to  the  coast  of  South  America,  somewhere 
about  Cape  Orange.  Going  northwards,  we  encounter  much  greater 
depths,  but  no  temperatures  lower  than  l®-3  C. ;  the  whole  mass  of  water 
to  the  very  bottom  rises  steadily,  though  only  slightly,  to  the  northward, 
the  merely  local  depression,  which  never  reaches  1***3  C.  along  the  line  of 
the  Labrador  current,  being  scarcely  worth  mention.  It  is  evident  that 
the  water  of  the  Atlantic  is  not  generally  affected  by  an  indraught  from 
the  Arctic  Sea.  The  diagram  (Plate  33)  shows  very  well  the  effect  on  the 
relative  positions  of  the  isothermobathic  lines  of  the  rapid  removal  of 
the  warm  surface-water  over  the  region  of  the  equatorial  current  and 
counter-current  in  the  gathering  up  of  the  higher  lines  near  the  equator, 
and  of  the  curl  of  the  warm  water  to  the  north  and  south  as  the  Gulf- 
stream  and  the  Brazil  current  after  the  bifurcation  of  the  equatorial 
current,  in  the  depression  of  the  isothermobaths  of  20*^,  15®,  and  10®  C. 
to  the  north  and  south  of  the  equatorial  region. 

The  causes  of  the  very  perceptible  rise  in  temperature  of  the  whole 
mass  of  the  water  of  the  North  Atlantic  will  require  further  investiga- 
tion. As  I  have  said  elsewhere,  I  am  inclined  to  attribute  it  mainly  to 
the  banking  in  and  accumulation  of  the  northern  reflux  of  the  equatorial 
current,  and  its  gradual  mixture  with  the  water  beneath ;  and  it  seems 
to  me  that  this  cause  is  adequate  to  the  effect.  Still,  even  if  this  be  so, 
we  have  to  discover  how  that  mixture  takes  place ;  and  as  there  appears 
reason  to  believe  that  evaporation  is  in  excess  of  precipitation  in  the 
Atlantic,  it  seems  almost  certain  that  differences  in  specific  gravity  and 


Digiti 


zed  by  Google 


632      Prof.  W.  Thomson  on  the  Voyage  of  the  '  Chattenger' 

other  causes  come  into  play,  though  not  very  obviously.  It  is  most 
probably  a  phenomenon  of  considerable  complexity. 

I  will  not  refer  to  the  thermal  conditions  of  the  eastern  trough  of  the 
Atlantic  at  present;  they  are  somewhat  different,  and  will  require 
separate  illustrations  after  we  have  recrossed  the  basin,  which  wo  hope 
to  do  in  the  next  six  weeks. 

To  recapitulate  the  general  facts  and  conclusions  with  regard  to  the 
distribution  of  ocean  temperatures  in  the  western  trough  of  the  Atlantic, 
it  seems  to  me : — 

1.  That  this  trough  (and  the  Atlantic  as  a  whole)  must  be  regarded  in 
the  light  of  an  inlet  or  gulf  of  the  general  ocean  of  the  "  water  hemi- 
sphere," opening  directly  from  the  "  Southern  Sea." 

2.  That  the  water  of  the  Southern  Sea  simply  wells  up  into  the 
Atlantic,  and  that  all  the  temperature  bands  of  the  Western  Atlantic  are 
essentially  continuous  with  like  temperature  bands  in  the  Southern  Sea, 
with  these  modifications  : — that  (a)  above  a  certain  line,  which  may  he 
roughly  represented  by  the  isothermobathic  lines  of  5°  and  4°  C,  the 
temperature  of  the  water  is  manifestly  affected  by  direct  radiation  and 
by  the  very  complicated  effects,  direct  and  indirect,  of  wind-currents ; 
and  (b)  that  the  whole  mass  of  imder-water  gradually  and  uniformly 
rises  in  temperature  towards  the  head  of  the  gulf. 

3.  That  wat^r  at  any  given  temperature  (below  4°  C.)  can  only  occur 
in  the  Atlantic  where  there  is  a  direct  communieaHon  with  tlie  zone  of 
water  at  the  same  temperatnre  in  the  8outhern  Sea  \\'ithout  the  inter- 
vention of  any  eontinuons  barrier.  (The  actual  result  of  the  pn?seut 
arrangement  of  such  barriers  is,  that,  however  great  the  depth  may  Ix*, 
no  water  at  a  temperature  lower  than  1°*3  is  found  to  the  north  of  the 
equator,  and  no  water  below  the  freezing-point  in  any  part  of  the 
trough  except  in  the  depression  already  described  between  the  mouth  of 
the  Eiver  Plate  and  Tristan  d'Acunha.) 

4.  That  the  water  of  the  Atlantic  is  not  sensibly  affected  in  tempe- 
rature by  any  cold  indraught  from  the  Arctic  Sea.  (I  j)urposely  neghM^l 
the  Labrador  current  and  the  small  branch  of  the  Spitzbergen  current ; 
for  these  certainly  do  not  sensibly  affect  the  general  tomperatun.^s  of  the 
North  Atlantic.)* 

5.  That  although  there  is  a  considerable  flow  of  surface-water  through 
the  influence  of  wind-currents  from  the  Atlantic  into  the  Southern  Sea,  that 
flow  does  not  seem  to  be  suflicient  to  balance  the  influx  into  th(^  basin  of 
the  Atlantic  (the  constant  influx  In'ing  proved  by  the  maintenance  of  a 
general  uniformity  in  the  course  of  the  isothermobathic  lines,  and  by  the 
maintenance  in  all  the  secondary  basins  of  the  minimum  temjx'raturediie 
to  the  h(^ight  of  tlicir  respective  barriers)  :  that  for  several  reasons  (the 
lower  barometric  pressure  and  the  supposed  greater  amount  of  rainfall  in 
the  Southern  Sea,  the  hirrher  specific  gravity  at  the  surface  than  at  £:r»\it^r 
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depths  in  the  Atlantic,  the  higher  specific  gravity  of  the  surface-water  in 
the  Atlantic  to  the  north  than  to  the  south  of  the  equator),  it  is  probable 
that  the  general  circulation  is  kept  up  chiefly  by  an  excess  of  evaporation 
in  the  region  of  the  North  Atlantic,  balancing  a  corresponding  excess 
of  precipitation  over  evaporation  in  the  water  hemisphere. 

Determinations  of  the  specific  gravity  of  the  surface-water  have  been 
made  daily.  The  mean  of  these  for  the  section  between  Stations  323  and 
335,  the  temperature  reduced  to  15°-56  C,  is  1-02620.  Of  the  eighteen 
days  occupied  in  running  the  section  nine  were  dry  and  fine,  and  on 
nine  rain  fell  either  continuously  or  in  showers.  The  mean  for  the  nine 
dry  days  is  1*02639,  and  for  the  nine  wet  days  1*02591.  The  maximum 
surface  specific  gravity  for  the  section  (1*02680)  was  at  Station  323,  at 
the  point  where  probably  the  Brazil  current  has  most  effect  on  the  surface, 
and  the  minimum  (1*02494)  was  at  Station  326  after  a  heavy  fall  of  rain. 
The  mean  specific  gravity  of  the  surfoce-water  at  the  temperature  at 
which  it  was  procured  was  1*02502. 

The  specific  gravity  of  the  bottom-water  was  determined  at  ten 
stations  on  the  section.  Keduced  to  a  temperature  of  15^*56  C,  the 
mean  was  1*02601 ;  the  maximum,  1*02650,  was  at  Station  323  at  a 
depth  of  1900  fathoms ;  and  the  minimum,  1*02580,  was  at  Station  326  at 
2775  fathoms.  The  mean  specific  gravity  of  the  bottom-water  at  the 
depth  at  which  it  was  procured  was  1*02811,  showing  a  difference  be- 
tween the  two  means  of  0*00210,  due  to  difference  of  temperature  alone. 

It  seems  from  these  observations  that  the  differences  of  surface  spe- 
cific gravity  due  to  differences  of  salinity  along  the  section  are  very  small, 
and  that,  with  the  exception  possibly  of  station  323,  which  is  abnormal 
in  many  respects,  they  depend  mainly  on  the  rainfall. 

The  difference  between  the  mean  surface  specific  gra\dty,  the  tempe- 
rature reduced  to  15^*56  C,  and  the  mean  bottom  specific  gravity  under 
the  same  conditions  is  also  very  sHght ;  the  actual  specific  gravity  at  every 
point  is  practicaDy  determined  by  the  temperature ;  and  consequently 
the  bands  of  equal  density  are,  like  the  bands  of  equal  temperature, 
virtually  continuous  with  those  of  the  Southern  Sea. 

There  seems  to  be  little  doubt  that  the  specific  gravity  of  the  surface- 
water  is  considerably  higher  in  the  North  Atlantic  than  it  is  on  the 
present  section.  On  one  section  between  Teneriffe  and  Sombrero,  in 
1873,  Mr.  Buchanan  found  the  mean  specific  gravity  at  the  surface  (the 
temperature  reduced  to  15°*56  C.)  to  be  nearly  1*02760;  from  the 
surface  it  fell  rapidly  to  1*0260,  at  a  depth  of  about  600  fathoms,  after 
which  it  remained  nearly  the  same  to  the  bottom. 

Throughout  the  whole  of  this  section  the  trawling-operations  have 
been  singularly  unsuccessful.  Out  of  ten  trials  in  depths  over  1000 
fathoms  only  four  produced  any  thing  like  satisfactory  results  ;  and  this 
was  the  more  unaccountable,  as  the  comparatively  moderate  depths  of 
most  of  them  were  such  as  usually  to  make  the  process  almost  certain. 
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Jm  many  caaee^  howevcT,  even  when  the  line  parted  ur  Iht*  tmwl  aime  up 
foul,  fragments  eufficknit  were  preserved  to  &haw  tlat  ibts  fmum  of  tl» 
it*g] oil  was  by  no  tneana  deficient, 

The  first  successful  trawl  was  at  a  depth  of  600  fathoms,  on  tht^  edge  d 
the  South- American  plateau.  As  at  most  places  where  we  have  had  t 
fair  opportunity  of  working  at  such  depths,  the  number  of  epeciee  pro- 
cured ^BS  very  large,  Sponges  were  ahtindimtj  including  a  large  nuKi- 
ber  of  cortit-ato  forms,  and  several  specimens  of  a  species  of  the  fine 
hexaetinellid  geaus  Itossdh,  identical  with  or  very  cloflcdy  allied  to  iSL 
tintarctka^  so  common  at  Kerguelen,  I  have  already  referred  to  tbt 
largo  Pennatulidfl  and  to  the  remarkable  corals  belongiBg  to  the  faioUy 
Styla^ieruhT^  a  group  which  Mr.  MoseleVi  in  an  important  paper  whidi 
I  beg  to  submit  along  with  this,  has  determined  to  belong,  with  the 
MiUrpwufxf^  to  the  iIvi>BO»oA>  and  not  to  the  AyTHO^oi,  as  previoualj 
supposed. 

AH  the  orderfi  of  Echinodermata  were  well  represents.  Biroioi 
were  abundant,  and  included  fine  masses  of  TtdmUpQni^  Idmonea^  and 
CcU-tpom^  such  as  are  found  in  like  depths  off  the  west  ccMist  of  Ireland* 
Ifumerous  crustaceans  occurred,  among  them  large  e^pecies  of  Arcturm^ 
of  GamnmruSy  and  of  other  genera,  recalling  the  northern  cTti«itaceoTi9 
faunHj  along  with  species  of  StroliM  and  markedly  southem  Schizopoda, 
Mollusca  were,  as  usiuil,  few  j  there  were  two  or  three  fishes  of  deep- 
water  typeij* 

The  next  trawling-station  was  on  the  28th  of  February  in  1900 
fathoms  (No.  323) ;  the  number  of  species  was  not  so  great  as  on  the 
previous  occasion,  but  the  different  groups  were  fairly  represented.  We 
got  here  a  single  stem  only  of  Ehizocrinus  lofotensis,  one  of  the  rare 
crinoids  belonging  to  the  Apiocrinidae.  We  have  been  unfortunate  in  never 
having  found  perfect  specimens  of  this  pretty  little  species,  although 
fragments  have  come  up  frequently  at  widely  separated  stations. 

Bryozoa  were  abundant,  of  more  characteristic  deep-water  types  than 
on  the  last  occasion.  There  were  two  species  of  deep-water  fishes  be- 
longing to  the  Macruridse.  At  Station  325  the  depth  was  2650  fathoms, 
and  the  number  of  species  procured  was,  as  1  have  already  mentioned, 
unusually  large  for  so  great  a  depth.  The  assembly  of  forms  was  of  the 
usual  deep-sea  character.  There  were  a  considerable  number  of  species 
of  Fungia  symmetrica^  a  generally  distributed  deep-sea  coral ;  and  the 
specimens  at  this  station  were  of  a  much  larger  size  than  we  had 
previously  met  with.  There  were  many  Echinoderms,  including  several 
species  of  a  singuhir  group  of  HolothuridsB,  allied  in  some  respects  to 
Psolus,  which  we  find  widely  distributed  at  great  depths ;  they  are  prin- 
dpally  characterized  by  an  almost  continuous  calcareous  plating,  which 
runs  out  over  long,  tubular,  spine-like  appendages. 

The  next  three  trawlings  were  unsuccessful ;  and  at  Station  335,  on 
the  16th  of  March,  we  determined  to  try  a  large  light  dredge.    This  was 
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dragged  along  the  botbotn  freely  for  a  considerable  distance;  and  although 
the  number  of  species  procured  was  small,  we  thought  ourselves  fortunate 
in  securing  fine  examples  of  Oidaris  varispina. 

The  following  Table  gives  the  general  distribution  of  the  principal 
animal  groups  at  the  different  stations  between  the  Falkland  Isknds  and 
Tristan  d'Acunha : — 
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Nate. — At  Station  317  the  trawl  carried  away,  and  the  few  specimens  came  up  in 
tt  tow-net  attached  to  the  trawl-rope.  At  Station  318  the  trawl  did  not  reach  the 
bottom.  At  Stations  331,  332,  333,  and  334  the  trawl  came  up  foul,  and  fragments 
of  animals  only  were  got  adhering  to  the  net.  At  Station  235  a  large  dredge  was 
used. 

It  has  nob  of  course  been  possible  to  determine  the  species  in  detail ; 
but  the  general  characteristic  of  the  fauna  throughout  the  section  is 
much  the  same  as  we  have  found  almost  invariably  at  like  depths  in 
temperate  regions.  The  general  assemblage  certainly  t-ends  to  confirm 
me  in  the  opinion  that  the  distribution  of  the  deep-sea  fauna  mainly  sets 
from  the  Southern  Sea  into  the  Atlantic. 

I  beg  leave  to  report  that  the  departments  under  my  charge  are  in  a 
satisfactory  condition.    I  hope  to  have  an  opportunity  of  f»\vdvw^.^^<s«k. 


^vyetff^from  ike  Falkland  hhndn  to  MmUe  Vidm,    " 

St*  Tincent  some  notice  of  the  general  t^siilts  of  our  observntluiiM  im  the 
pliysieal  and  blologkul  coiiditiotis  of  the  eafikini  trough  of  tbe  AtJanik!. 
I  have  the  lionour  to  be^  8ir, 

Tour  obedient  Servant, 

C.  WvriLLE  TEoifiosr, 

Dir factor  of  if$f  Cu'ilnm 
^(^iam  Evatis,  C,B,^  VJ\M£,  Scientific  Siftff  on  hoard, 

BESORiraiON  OP  THl  PLATES, 

PtJVTfc  25. 
Tmck  af  iho  ship  from  Statiley  Ilai-bouf,  ^fit-Fblkkml  l^lnfitl,  t^i  t^taliim  33r>»lil 
32^*34'  B„  lii^g.  13*^  &'  W,j  ill  the  pieridmn  of  the  lilancl  of  Asc«'.ii«imj» 

Plate  9S. 

DiagraiH  ahowiug  the  vortiwil  diiiribiiUoti  of  tcmjwnilui*  Wtittn^n  liar  FyLljkod 
lalaudB  atid  Motit^  Video, 

Plate  27. 

Oaneb  coTi^lructi^d  fnat)  UiQ  ^^rinl  ieHii»(^mUii^-8oiindiBg»  at.  Stutiont  3l?»  Mill  91ft 
•nd  320  between  Ihe  Kalklnnd  hliuidft  utid  MuLit«  Vidcni, 


I 


I>iagnLTn  aligning  the  r^rtical  difitribution  of  tempcrmtuTt  brtvri-vri  Mouf«  TvSto 

SUtioa  335, 

PLATK  29. 

C?!|ITC8  «mitruet«d  firom  the  tcnial  bolukIju^s  nt  Slati^itw  323,  8^^  ^a»,  and 

Platb  30. 
Curres  constructed  from  the  serial  soundings  at  Stations  327,  329,  330,  and  331. 

Plate  31. 
CuTTCs  constructed  from  the  Eorial  soundings  at  Stations  332,  333,  331,  and  335. 

Platb  32. 

Diagram  showing  the  Tertical  distribution  of  temperature  at  Stations: — 
A.  No.  112.  Sept.  Ist,  1873,  lat.  3°  33' S.,  long.  32<^  16' W. 
•   B.  No.  129.  Sept.  30th,  1873,  lat.  20°  12' S.,  long.  35°  19' W. 
0.  No.  327.  March  4th,  1876,  lat.  36°  48' S.,  long.  42°45' W. 

Plate  33. 
Diagram  showing  the  vertical  distribution  of  temperature,  as  far  as  possible,  in  tlw 
axis  of  the  western  trough  of  the  Atlantic,  from  lat.  42°  S.  to  lat.  42°  N. 
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CF  TEMPERATDKE  Xi:  STMrONS  (A)T«?112,(B)B?129,(C)K?327. 
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